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GREENHOUSE FACT SHEET

GREENHOUSE., the fourth postwar atmospheric nuclear weapon test series, was
conducted by the United States during April and May 1951. CROSSROADS took place
at Bilkini in 1946; SANDSTONE was held at Enewetak in 1948: and RANGER was con-
ducted at the Nevada Test Site in early 1951. In GREENHOUSE, four nuclear de-
vices were detonated on the islands of Enjebi, Eleleron. and Runit on Enewetak
Atoll. All four were detonated on towers. These detonations resulted in sig-
nificant downwind fallout.

GREENHOUSE detonations, Enewetak, 1951

Detonation Date Time Location Type Burst
DOG 8 April 0634 Runit 300-foot (91.4-meter) tower shot
EASY 21 Apriil 0627 Enjebt 300-foot (91.4-meter) tower shot
GE ORGE 9 May 0930 Eleleron 200-foot (61.5-meter) tower shot
ITEM 25 May c617 Enjeb? 200-foot (61.5-meter) tower shot

Remarks: Dates and times are local dates and times at Enewetak. Only the
yleld of shot EASY, 47 kilotons (K1), has been announced. One kilo-
ton equals the approximate energy release of the explosion of one
thousand tons of TNT.

Tests were conducted by a joint military-civilian organization designated
Joint Task Force Three (JTF 3). JTF 3 was patterned generally after military
organizations but was made up of mjlitary personnel from the Army, Navy, Alr
Force and Marine Corps. as well as civillans from the Department of Defense
(DOD), Atomic Energy Commission (AEC), and contractors. The commander, an Ailr
Force general, was an appointed representative of the AEC but reported to the
Joint Chlefs of Staff as well as to the AEC. This appolntment was Ilmportant
because, by law, development of atomic weapons was vested in the AEC.

Army, Navy. and Alr Force were about equally represented 1n numbers of
personnel during GREENHOUSE. The Navy had provided the bulk of personnel for
the earlier Pacific nuclear test series. During GREENHOUSZ, the Army provided
an estimated 1,615 men, the Navy 2,952. the Air Force 2,621, and the Marine
Corps 134. cCivilians numbered 2,049. Most of the clvilians were affiliated
with the AEC,

The purpose of the four tests in the GREENHOUSE series was to contlnue
development of nuclear weapons for defense. Work was proceeding at this tlme
on development of thermonuclear weapons. and the GREENHOUSE tests were part of
this process. DOD was Interested in the physical and biological effects of
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nuclear weapons., so its varicus branches participated in several experimental
programs to measure them. One of the important programs used unmanned. radio-

controlled drone alrcraft to measure blast and thermal effects and to collect
radtioactive cloud samples.

A separate o:ganization within JTF 3 providea radiological safety (radsafe)
expertise and services to the task force. This organization was responsible
for defining radioactive areas after each shot, accompanying reentry parties
to radioactive areas to retrieve experlimental data, monitoring removal, pack-
aging, and shipment of radjoactive cloud samples. and other radiation monitor-
ing duties. It also procured all radiation detection film badges, developed
and Interpreted exposed film badges, and kept cumulative radlation exposure
records on each person who was badged.

Fllm badges were 1ssued to individuals who possibly could have been evposed
to radiatlon while performing theilr duties; such as those visiting any of the
islands made radiocactive by the shots, boat pocl crews, radiation monitors,
alrcrews, alrcraft decontamination personnel, and runway crash crews. In addi-
tion, over 75 film badges for each test were distributed among the six partici-
patling ships, to be worn froin the day of the test and 7 days thereafter. Of
the approximately 9.350 men An the test area during all or part of the testing
operations, 2,416 were badged one or more times. Film badges for personnel
entering radioactive areas normally were 1issued and turned in daily. Boat
pool, air crew, and ship badges generally were issued for a week.

The overall average exposure recorded by these badges was less than 0.5
roentgen (R). A number of individuals, however. had recorded exposures between
5 and 8 R. Some, with these higher exposures were affiliated with the AEC and
some were involved with the Alr Force long-range radioactive cloud-tracking
and -sampling program. Most of these Air Force personnel were in the Experi-
mental Alrcraft Unit. This unit flew the B-17s used as drones and drone con-
trollers and operated the personnel and aircraft decontamination stations on

Enewetak Island. The following table summarizes the recorded film badge
eXposures.

GREENHDUSE Badge Exposures (R)

Number

Badged 0 0-1 1-3 Over 3 High (R)
U.S. Army 195 6 143 35 11 5.430
U.S. Navy 813 134 458 187 34 8.080
U.S. Ar force 849 86 516 146 o 8.475
U.S. Marine Corps 8 3 3 0 2 3.805
Other Participants 551 110 325 82 34 8.575




Fallout occurred on the islands of Japtan, Parry, and Enewetak and the six
task force ships after three of the four shots iIn this series. The fallout
from the first two shots was heavlest on Japtan and lightest on Enewetak.
Enewetak was a base island where personnel from JTF 3 lived throughout the
series. Japtan was an 1sland used for recreatlon, but it also had an Army com-
muriication station and a Navy medical research unit. The fallout from shot
ITEM, the last shot 1n this serles, was much heavier than the first two.
Enewetak Island recelved heavier fallout from ITEM than Japtan and Parry. Per-
sonnel who remalned on Enewetak Island for 4 days after ITEM received over
2.45 R. Those who remalned for 14 days recelved over 2.8 R. Most people., how-
ever, departed the test area within a week after the shot.

The amount of fallout received by the six ships varied with thelr locations
and decontamination procedures. Nearly all crewmembers on five of these ships
were assigned a fallout eyposure Immediately after GREENHOUSE, and these expo-
sures were recorded In MMavy medical records. The assighed exposures ranged
from 0.334 R on USS LST-859 to 1.1 R on USS Cablldo (LED-16) and USS Sproston
(DDE-577). Boat pool exposures ranged from 0.700 to 2.1 R. The fallout exposure
was lower aboard ship than on the Islands due to water washdown and decontami -
nation of external surfaces.

The fallout exposure Is In additlon to those film btadge exposure readings
accrued by 1ndividuals during dally missions. Fallout exposure can be calcu-
lated for all 1indlividuals based upon their location and length of stay at
Enewetak Atoll.







PREFACE ®
L]
Between 1945 and 1962, the U.S. Atomic Energy Commisslon (AEC) conducted
235 atmospheric nuclear weapon tests at sites in the United States and in the
Pacific and Atlantic oceans. In all, about 220,000 Department of Defense (DOD) ]
participants, both military and civilian. were present at the tests. Of these, S
approximately 142,000 participated in the Paclific test seriles and approximately _.“___
another 4,000 in the single Atlantlic test series. ®» .
In 1977, 15 years after the last aboveground nuclear weapon test, the Cen- <.
ter for Disease Control (CDC) of the U.S. Department of Health and Human Ser- S
vices noted more leukemla cases than would normally be expected among about .
3.200 scldiers who had been present at shot SMOKY, a test of the 1957 PL.UMBBOB - -
series. Since that initial report by the CDC. the Veterans Administration (VA)

has recelved a number of claims for medical benefits from former military per-
sonnel who believe thelr health may have been affected by thelir participation
in the weapon testing program.

In late 1977, the DOD began a study that provided data to both the CDC and
the VA on potential exposures to lonizing radiation ameng the military and
civilian personnel who participated in the atmospheric testing 15 to 32 years

euarlier. In early 1978, the DOD also organized a Nuclear Test Personnel Review ERARY
(NTPR) to: L.

® Identify DOD personnel who had taken part in the atmo-
spheric nuclear weapon tests

® Determine the extent of the particlpants’' exposure to ion- S
izing radiation

® Provide public disclosure of information concerning par- S

ticipation by DOD personnel in the atmospheric nuclear ,";:-::j
weapon tests. STt

This report on Operation GREENHOUSE is one of many volumes that ara *he
product of the NTPR. The Pefense Nuclear Agency (DNA). whose Director is the
executive agent of the NTPR program. prepared the reports, which are based on
military and technical documents reporting varilous aspects of each of the
tests. Reports of the NTPR provide a public record of the activities and asso-
ciated radlation exposure risks of DOD personnel for interested former partic- ® .
ipants and for use in public health research and Federal pelicy studles.

Information from which this report was compiled was primarily extracted e
from planning and after-action reports of Joint Task Force Three (JTF 3) and
its subordinate organizations. What was deslired were docu.ents that accurately A
laced peisoriel at the test sites so that thelr degree of exposure tro the .;_.--'

ionizing radiatior resulting from the tests could be assessed. The search for
this information was undertaken in archives and librarles of the Federal Gov-
ernment, in special collections supported by the Federal Government and by
some discusslon or review with participants.
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For GREENHOUSE, the most important archival source is the Modern Military
Branch of the National Archives in Washington, D.C. The Naval Archives at the
Washington Naval Yard also were helpful. Other archives searched were those of
the Departmert of Energv (DOE) at Germantown, Maryland, its Nevada Ope.ztions
Office {DOE/NV) at Las Vegas, and the records center at the Los Alamos Natinmnal
Laboratory (LANL).

JTF 3 cxposure rezords were retrieved from LANL and from the Reynolds Elen-
trical and Engineering Company, Inc. (REECc!, Las Vegas, Newvada, support con-
tractor ror DOCE/NV. Those available at REECo are microfilm records of source
documents in archives.

Documentation of individual fallcut exposure during GREENHOUSE is incom-
plete. Each individual's arrival date, ship or island station, and departure
date must be obtained to determine fallout exposures because not all partici-
pants exposed to fallout were wearing film badges.

The work was performed under RDT&E RMSS B3500079464 ("99 QAXMK 506-09 H2599D
for the Defense Nuclear Agency by personnel from Kaman Tempo. Guidance was
provided by Mr. Kenneth W. Kaye of the Defense Nuclear Agency.
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CHAPTER 1
CVERVIEW

INTRODUCTION

Purpose

GREENHOUSE was the fourth serles of nuclear tests conducted by the United
States followling World War II. CROSSROADS, in 1946, was the first., consisting
of an air and an underwater detonatinon at Bikint using an array of target
Ships. SANDSTONE, 1n 1948, consisted of three tower detonations at FEnewetak.*
The third. designated RANGER, consisted of five alrdrops in January and Febru-
ary 1951 at the Nevada Proving Grounds north of Las Vegas. Nevada.

GREENHOUSE consisted of four detonations in April and May 1951 on the
northeast islands of Enewetak Atoll. Task force personnel were stationed either
on the southern 1islands of Enewetak Atoll, on ships, or at Kwajlalein Atoll
about 350 nmi1 (650 km) southeast, depending on theilr mission. Table 1 lists
the four shots, thelr dates, and locations. Flgure 1 shows the locaticns of
the GREENHOUSE shots at Enewetak Atoll and the three earlier SANDSTONE shots.

This report documents the participation of Departmeat of Defense (DOD) ner -
sonnel who were active in this test serles. Its purpose 1s to bring itogether
the availlable information about this atmospheric nuclear test serles pertinent
to the radlation exposure of DOD personnel, both uniformed and clvilian em-
ployees. The report lists the DOD organizations represented and describes their

Table 1. GREENHQUSE detonations, 1951.

Detonation Date Time Location Type Burst
DCG 8 Aprid 0634 Runit 300-foot (91.4-meter) tower shot
EASY 21 Aprii 0627 Enjeb? 300-foot (91.4-meter) tower shot
GEORGE 9 May 0930 Eleleron 200-foot (61 -meter) tower shot
ITEM 25 May 0617 Enjebi 200-foot (61 -meter) tower shot
Remarks:

Dates and times are local dates and times at Enewetak. Only the yleld of shot
EASY, 47 kilotons (KT}, has been announced. One kiloton equals the approximate
energy release of the explosion of one thousand tons of TNT.

* A bhetter understanding of the Marshall Islands language has permitted a more
accurate transliteration ot Marshall Island names into English languaqge
spelling. These newer transliteratlions are used In this report with few ex-
ceptions. Appendix C lists the names and their varifant spelling.
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activities. It discusses the potentlal radliation exposure Involved in these
activitles and the measures taken for the protection of DOD personnel. Tt pre-
sents the exposures recotrded by the participating DOD units.

Historical Background

In 1949, the Soviet Union detonated its first atomic bomb (Reference 1.
p. 114), provliding the impetus for the United States to proceed with develop-
ment of a bomb whose energy would come from the fusion. or Jjoining, of light
elements. These are also callied thermonuclear, or hydrogen, bombs. The Atomic
Enerqy Commission (AEC), the civ!lian executive agency empowered by the Atomic
Enerqgy Act of 1946 to develop nuclear weapons., recelved the go-ahead from the
President in January 1950 after a long, hard debate in high defense circles
over the advisability of developling such weapons.

Although GREENHOUSE nuclear devices wetre not thermonuclear devices, two of
them Involved thermonuclear experiments, and one test, GEORGE, was an important
way statjon on the path to develspment of thermonuclear devices.

According to the published account (Reference 2) of one of the leaders in
nuclear weapon development of the perlod, GEORGE demonstrated the initiation
of a sustalned thermonuclear reactlon by use of a fissicen reactlon. This led
directi; to the first successful thermonuclear test, MIKE (Operaticn IVY), some
16 months iater. The same account notes that the fourth test of the serles,
ITEM, involved boosting the efficlency of fisslon explosicns. Development of
this experiment had been planned before the Soviet test in 1949,

GREENHOUSE was conceived even as the SANDSTONE tests were being completed.
Planning began in the summer of 1948 at the ARC's Los Alamos Scientific Labor-
atory (LASL). In July 1948, LASL created J-Division to assume responsibility
for planning and conducting nuclear tests. The clvilian in charge of this
division would become GREENHOUSE director of scientific activities. An Alr
Force officer was designated as GREENHOUSE Task Force Commander in May 194G,
and a Joint Froof Test Committee (JPTC) was set up In June 1949. JPTC was glven
the missions of determining task force organization, outlining service partic-
ipatlion, and recommending necessary actlons that affected the services. In
July 1949, the test organizatlon was designated Joint Task korce Three (JTF 3).
In August 1949, the name “"Cperation GREENHOUSE" was approved. JTF 3 was actl-
vated iIn November 1949 to coordinate the detailed planning between [.ASIL. and
the armed services. Meetings were held with JPTC members, service representa-
tives, and JTF 3 staff members in late 1949, JPTC was dissolved 7 January 1950,

when the JTF 3 staff took complete control of all activities associated with
GREENHOUSE (Reference 3, pp. 3 through 16).

A major construction program began at Enewetak 1in 1949, and 1t became
necessary for an Army Englneer Construction Battalion to assist the civilian
contractor in preparing the test site. Therefore, Army Task Group (TG) 3.2,
was activated on 12 Januvary 1950. Commander JTF 3 assumed overall milirary
responsibllity for the Enewetak area on 1 February 1951 (Reference 3, p. 39).
The Korean War started in June 1950, and the Army quickly became hard-pressed
to supply troops for action 1n Korea. The Army tentatively planned to move two
units - Hq 7th Engineer Briyade and 79th Fnglineer Construciion Battalion - -
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from Enewetak to Korea, but this was contingent on the tests being moved to a
stateside locatioa (Reference 3, pp. 34 through 37).

Report Organtzation

Subsequent sections of thils chapter discuss the form of experimental nu-
clear weapon test programs with emphasis on the potential radlation exposure
of participating DOD personnel. Experimental activities are considered first
without particular reference to the geographic location of the testing, and
are then related to the geographic limjtaticons at Enewetak Atoll. The portion
of the experimental program of heavlest DOD participation is emphasized. The
chapter concludes with a description of JTF 3, the organization that conducted
Operation GREENHOUSE., and indicates how DOD elements within JTF 3 functioned.

Chapter 2 1s concerned with radiological safety {(radsafe) aspects of the
tests. This chapter documents procedures., training, and equipment used to pro-
tect participants from the radiatlion exposure 1lnherent in the test operations.
It also addresses safety measures that were employed to minimize hazards asso-
cliated with nuclear detonations. Dlscussions 1nclude both predetonation and
postdetonation safety measures that were taken, primarlly to avoild unnecessary
radlation exposure.

Chapter 3 discusses GREENHOUSE test operations. Chapter 4 expands on the
DOD role in the GREENHOUSE experimental program.

Chapters 5 th-ough 8 report on participation by the Army, Navy. Alr Force,
and Marine Corps. respectively. Chapter 9 summarizes participation of other
government agenclies and contractors. Participating units are listed and per -
sonnel exposures are statistically characterized in these chapters. Perscnnel
exposures are discussed in Chapter 10.

NUCLEAR TESTS AND RADIATION EXPOSURES

Nuclear testing befcre 1961 conslisted nostly of the unconfined detonation
of nuclear devices (usually not weapons) in the atmosphere. Devices might be
placed on a piatform or a floating barge. placed atop a tower, supported by a
balloon. dropped from an ailrplane., or flown on a rocket. A few were detonated
undeorwater or burled in urderground tunnels and shafts.

In theory, personnel could be exposed elther by the radiation emitted at
the time of explosion and for about )} minute thereafter - usually referred to
as initial radlation -- or the radiation emitted later (resldual radlation).
Initial radiatlon is part of the violent nuclear explosion process Iitself, and
to be close enough for initlal radiation exposure could place an observer
within the area swept by lethal biast and thermal effects,

The neutrot: component of 1initlal radiation did indirectly contribute to
the possibllity of perscnnel exposure. Neutrons are emitted in large numbers
by nuciear weapon Jdetonations. Neutrons have the propetrty of altering certain
nonradicactive materlals to make them radicactive. This process, called actt-
vation. works on sodium, silicon, calclum., manganese, and iron, as well as
other common materlals. The process affects the metal casing of the device. the
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test tower, and earth materilals. Actlvation products thus formed are added to
the iInventory of the radioactive products produced in the detonation process.
The radiation emitted by thils inventory 1s referred to as resldual radilation.

The potential for personnel exposure to resldual radlation was much greater
than the potential for exposure to initial radlation. In the nuclear detonation
prrcess, fissioning atoms of the heavy elements, uranium and plutonium, split
into lighter elements, releasing energy. These lighter atoms are themselves
radioactive and decay, forming another generation of descendants from the orig-
inal fissicn products. This process is rapid immediately after the explosion
but slows later and continues for years at very low levels of radloactivity.

The overall radiocactivity of all the fission products formed decays at a
rate that is closely approximated by a rule that states that for each sevenfold
incrzase in time the intenslty of the radiation will decrease by a factor of
ten. Thus, a radiation rate of 1 roentgen per hour (R/hr) at 1 hour after the
burst would be expected to be 0.1 R/hr after 7 hours and 0.0l R/hr after 49
hours. This rule seems to be valid for about 6 months following an explosion,
after which the observed decay 1s somewhat faster than that predicted by this
relationship. Activation products. in general. decay at a faster rate than the
fission products.

Fisslion products and actlvation products, along with unfissioned uranium
or plutonium from the device, constitute the radioactive material in the debris
cloud, and this cloud and its fallout are the primary sources of the potential
exposure to residual radiation.

In a nuclear alrburst 1n which the central core of intensely hot materlal,
or fire! :11, does not touch the surface, the device residues (including the
fisslon products, the actilvation products resulting from neutron interaction
with device materlals, and unfissioned uranlum and/or plutonium) are vaporized.
These vapors condense as the fireball rises and cocls, and the particles formea
by the condensatlion are small and smoke-llke. They are carrled up with the
cloud to the altitude at which its rise stops, usually called the cloud sta-
bilization altitude., The spread of this material then depends on the winds and
weather. If the burst size 1s small. the cloud stabilization altitude will be
in the lower atmosphere and the material will act like dust and return to the
Eerth's surface in a matter of weeks. Essentlally all debris from bursts with
vields equivalent to kilotons of TNT will be down within 2 months. The areas
in which this fallout material will be deposited will appear on maps as bands
following the wind's direction. Larger bursts (ylelds equivalent to megatons
of TNT) will have cloud stabilization altitudes iIn the stratosphere (above
about 10 miles [16 km] in the tropics): the radiocactive material from such
altitudes will not return to Earth for many months and its distributlon will
be much wider. Thus, airbursts contribute little potentlal for radiation expo-
sure to personnel at the testing area, although there may be some residual and
short-1ived radiation coming from activated surface materlals under the burst
1if the burst altitude is sufficliently low for neutrons to reach the surface.

surface and near-surface bursts pose larger potentlial radlation exposure
problems. These bursts create more radioactlive debris because more materlal 1is




available for activation within range of the neutrons generated by the ex-
plosion. In such exploslons the extreme heat vaporizes device materials and
activated earth materlials as well. These materials cool 1n the presence of
additional material gouged out of the burst crater. This extra materlal causes
the particles formed as the fireball cools to be larger in size, with radio-
activity embedded In them or coating thelr surfaces. The rising cloud will lift
these particles to altitudes that will depend on the particle size and shape
and the power of the rising alr currents in the c¢loud, which in turn depend on
the energy of the burst. The largest particles will fall back into the crater
or very near the burst area with the next largest falling nearby. It has been
estimated that as much as 80 percent of the radloactive debris from a land-
surface burst falls out within the first day following the burst.

Bursts on the surface of seawater generate particles consisting mainly of
salt and water droplets that are smaller and lighter than the fallout particles
from a land-surface burst. As a consequence, water-surface bursts produce less
early fallout than similar devices detonated on land. The large-yleld surface
bursts In the Pacific Proving Ground (PPG) over relatively shallow lagoon wa-
ters or on the very little truly dry land probably formed a complex comblnation
of land-surface- and water-surface-burst particle-size characteristics.

Detonations on towers may be considered as low altrbursts or ground bursts,
depending upon the relative height of the detonatlon and I1ts yleld. A larger
burst will create more fallout than a smaller burst on an equal helght tower
not only because of the additional fission products and weapon debris. but also
because 1t will pull up more earth materials, or even form a crater. In addl-
tion., the materials of the tower Jtself are a source of easlly activated mate -
rials. The particles of the tower material may also act as centers for the
debrls vapors to condense on to form the larger particles that lead to heavier
early fallout. Devlices that fission uranium or plutonium inefficliently will
cause more of these radioactive components of the device residue to be
dispersed.

EXPERIMENTAL PROGRAM

Central to the test serlies was the experimental program. Thls program and
its requirements dictated the form of the test organization and the detall of
personnel particlipation. GREENHOUSE's experimental program 1incorporated two
aspects. The more Important aspect was dlagnostic measurements of the detona-
tlons: the secondary experiments Involved the measurement of the explosive and
radilation effects.

These two aspects can serve as a rough measure of differentlation of in-
terest between the major particlpants: the AEC Interest 1n weapon development.
and the DOD interest in the military application of the effects of the detona-
tions. In GREENHOUSE, however, the AEC was Iinterested 1in experiments 1n areas
that later became of DOD interest excluslvely. These were measurements of alr-
blast and thermal radiation, for example. that were termed "field variable”
measurements. These measurements were used to construct the hostile eonvironment
for studles of the response of military systems and have been termed "environ-
mental measurements” in this report.
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The several parts of the weapon development and the effects studles each
had particular features that led to the possibility of radlation exposure.

Weapon Development Experiments

In developing and testing devices, weapon desligners are interested in two
classes of measurements: total energy release of the device, and rate of re-
lease. Total energy release measurements are called yleld measurements, and
rate of release measurements are called dlagnostic measurements.

YIELD MEASUREMENTS. Device yleld was usually determined by several methods,
two of which i1nvolved photo-optical techniques. Growth of the intensely hot
and radlating mass of device debris and air that constitute the nuclear fire-
ball varles with 1its yleld. Very-high-speed cameras were therefore used to
record this growth, and Film rerords were subsequently analyzed to infer yleld.
Duration and Intensity of the energy pulse in the optical-thermal spectral

reglon also vary with vyleld: thus, light detectors coupled to recorders wete
also used to derive yleld.

The best direct measurement of yleld is by collecting and analyzing repre-

sentative samples of device debris. Yield 1s then determined by measuring the
radiocactivity of these samples.

Construction, Instrumentation placement. and data recovery for the photo-
optical yleld determinations did not usually requlre personnel to be in areas
with a high potential for exposure to radlation. Cameras and light detectors
need only a clear fleld of view of the burst polnt and enough breadth of view
to encompass the fireball. Camera placement did not involve personnel actlivi-
ties at times and places of high radlation levels. Film recovery generally did
not 1nvolve high exposure potential, as the photo statlions were usually at
ranges and 1n directions not heavily contaminated by fallout,

Sampling device debrls, however, necessitated exposure to radloactivity.
The technique used In most atmospheric tests was to fly altcraft with collec-
tors directly through portions of the radloactive (or "mushroom") cloud. About
90 percent of the device debris was usually consldered to be in the upper. or
cap, portion of the mushroom cloud. Several altcraft were used to obtaln a
representative sample. For GREFNHOUSE, unmanned drone B-17 ajlrcraft were used
to collect most of the cloud samples. Alrcraft flylng these sampling misslons
picked up significant amounts of radloactlive materlal on their surfaces, and
this was a potential source of radiation exposure to the ground crews who de-
contaminated and maintained the ajrcraft. Manned alrcraft sampled the air under
and very close to the cloud, which created some low-level exposure to ajrcraft
crews., Samples collected were radiologically "hot" and requlired special han-

dling as they were taken from the alrcraft and prepared for shipment to labor -
atories for analysis.

DIAGNOST IC MEASUREMENTS, The explosion of a nuclear device is a progressive
release of increasling amounts of nuclear radlation, some of which directly es-
capes the device. The rest of the radiant enerqy Interacts with the assoclated
material of the device itself and i1s converted into differing forms of radla-
tion and into the kinetic eneray of the remalning materials In a small fractlon
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of a second. The 1intensely hot core then reradjates, heating the surrounding
alr and creating a shock wave that propaqates outward from the burst point.

Weapon diagnosticlans used sophisticated techniques to follow the processes
that occur during the device explosion. Detectors and collectors were run up
to, and sometimes Iinslide, the devlce case so that the radlation being sampled
could be directly channeled some distance away and there be recorded by instru-
mentation designed to survive the ensulng blast. To enhance 1ts transport,
radlation was conducted through plipes (nften evacuated or filled with speclal
gases) from the device to statlions where recording instrumentation was located
or where the information could be retransmitted to a survivable recording
statjon,

Radiation measurements are based upon the effects that result from the
interaction of the radlation with matter. Fluorescence is one such effect.
Materlals that fluoresce when exposed to radlation were placed in view of cam-
eras or light detectors to provide a record of the varilation of Ffluorescent
intensity with time, thereby providing an Indirect measurement of the radiation
environment .

Other methods of detecting radiation 1involve the shielding (attenuation)
properties of scll materlals, water, and other substances. These materials are
also used to baffle or collimate radiation to ensure that radlation Is directed
toward the detecting instrument.

Radlofrequency enerqy produced by the explosion can be detected by radilo
recelvers and, with the additlon of filtering and processing circuitry. can
also provide Information about the energy flow from the explosion. Such mea-
surements permlt remote placement of recelving and recording instruments,

Preshot preparation included hazards normally assoclated with heavy con-
struction. At tlimes workers were exposed to resldual radiation from previous
tests; however, this was not a problem during GREFNHOUSE tests.

The potential for radiation exposure of personnel associated with weapon
diagnostic experiments depended upon the proximity of the measurement or data
recovery polnt to surface zero and the time lapse between detonation and data
collection.

The primary radiatlion source of potential exposure is from fallout and
materlals made radicactive by neutron actlvation of device and soll materlals
in the vicinity of surface zero., Thus, the distance from surface zero is a

principal factor 1n assessing exposure to persons engaged 1in the experimental
program.

Since radlation decays with time, the time Japse between the explosion and
exposure 1s a critical factor In dose assessment. Primary recording media for
these experiments were photographic films from oscllloscope, streak, or framing
cameras located in survivable bunkers near the detonation point. Because radia-
tion fogs Film In time, these films and other time-sensitive data were removed
from the bunkers by helicopter-borne personnel within hours of the detonation
to minimize damage by foqging. This recovery constituted the main potential
for exposure of weapon diagnostics participants.
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Effects Experiments

All four GREFNHOUSE shots tested new weapon developments. Priorities of
time and space and go or no-go considerations on shot day favored weapon de -
velopment experiments over the effects experiments. Although the effects ex-
periments were clearly secondary, they directly involved a relatively large
number of DOD organizations and 1ndividuals and are therefore of prime impor-
tance for this report.

Effects experiments were intended to acquire urgently needed military data,
These experiments may be classed into two general kinds. The first class of
measurements was made to document the hostlle environment created by the nu-
clear detonation. The second class of effects experiments documented the re-
sponse of systems to the hostile environment: these measurements are termed
systems response experiments.

ENVIRONMENTAL MEASUREMENTS. The purpose of environmental effects measure -
ments was to gain a comprehensive view of tiie host ' le environment created by a
nuclear detonation to allow military planners to deslign survivable military
hardware and systems and to train personnel to survlve. Examples of environ-
mental measurements Include static (crushing) and dynamic (blast wind) air
pressures in the blast wave, heat generated by the detonation, and fallout
radiation. Measurement technigues employed for GREENHOUSE varied with the
effect being measured, but usually measuring devices were placed at a variety
of ranges from surface zero and thelr measurement recorded in some way. Many
types of gqauges and data-recording technlques were used. In some cases, mea-
surements were simllar to those being made by the weapon designers, but at
greater distances or longer after the detonation, which simplified the record-
ing of the data, although the recovery problems were by no means trivial,

Rugged, self-recording gauges had been developed for blast and thermal
radlation measurements so that complete loss of data from a project would not
occur if instrument recovery were delayed, for example, by heavy fallout. For
nuclear radlation measurements, however, rapld data recovery was stlll desir-
able as the gauges used might be thin foils of some material that would be made
radiocactive by the burst-time neutrons; hence early observatlion was necessary,
before the radioactivity contained in the induced radlation pattern decayed to
undetectable levels.

The potential for radlaticn exposure of personne]l responsible for environ-
mental measurements In general depended on the proximity of the 1nstruments to
the device and the time that elapsed between detonation and instrument recov -
ery, as was the case for weapon development experimentation; the nearer 1In
space or time to the detonation, the greater the potential for exposure.

SYSTEMS RESPONSE EXPERIMENTS., To document the response of systems to the
hostile environment., mllitary structures and hardware (alrcraft, tanks, etc.)
were exposed to the effects of nuclear detonations.

Techniques used for the systems response experiments were conceptually
simple: exposure of the system of interest and observation of i1ts response.
Actual conduct of the experiments was far more complex. The level of the threat
to which the system was exposed almost always required measurement to properly
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understand the response, necessitating an envirormental experiment along with
the systems response experiment. It was often not enough to know whether the
system sutvived, but rather the response of the component parts and their
interactlions was required, entallirg the placement of sophisticated instru-
mentation and recording devices.

While the potential radlological exposure for these systems response ex-—
periments was governed primarily by the closeness 1n space or time, an addi-
tional prcblem often arose. wWhen the exposed system was recovered for closer
examination, 1t might be contaminated by device debrils or even be radloactlve
because of the activating effects of the device's neutron output.

OCEANIC TESTING OPERATIONS

Nuclear test operations In the Pacific posed problems Iin loglstics and in
the management of radioactlve contamination because of the limited land area
and the remoteness of Enewetak Atoll.

Marshall Islands Sotting

The Marshall Islands are In the easternmost part of the area known as Mi-
croneslg ("tiny 1slands"). The Marshalls cover about 770 thousand mi2 (2 mil- 2
lion km<) of the Earth's surface bhut the total land area 1s only about 70 mi
(180 km?). Two parallel chains of atolls form the 1slands: Ratak (or Sunrise)
to the east, and Ralik (or Sunset) to the west:; Enewetak 1s in the Ralik chain
at its northern extreme. Figure 2 shows these 1slands 1n the Central Pacific.

A typlcal atoll (see Filgure 1), Enewetak 1s a coral cap set on truncated,
submerged volcanic peaks that rise to considerable heights from the ocean
floor. Coral and sand have gradually built up narrow 1slands into a ring-like
formation with open ocean on the outside and a relatively sheltered lagoon on
the inslde. Enewetak has three passages, Southwest Passage, Wide Entrance, and
Deep Entrance, that permit access to 1its lagcon from the sea. All the 1slands
are low-lying, with elevations seldom over 20 feet (6 meters) above high tide.

During huclear testing, the more populated, support-oriented sectlons were
the larger islands 1In the south and southeast areas of the atoll. Devices were
de.onated on the northern 1slands. The western sections of the atoll were not
involved in test activities except for limited use as Instrumentation sites.

Elliptically shaped, Enewetak 1s approximately 550 nmi (1,020 km) southwest
of Wake Island and 2,380 nmi (4,410 km) southwest of Hawall. It encloses a la-
goon 17 by 23 nmi (32 by 43 km) and has a total land area of 2.75 mi2 (7.12
km2), with elevations averaging 1C feet (3 meters) above mean sea level. The
support section of Enewetak Atoll (Enewetak, Parry, and Japtan 1slands) constl-
tutes about 341 percent of its land surface. The string of islands from Runit
to Enjebi. the detonation area, constitutes about 32 percent. The various names
used for the islands of the atoll are listed in Appendix C, "Island Synonyms."

North of Fnewetak 1is open ocean for over a thousand miles, with the only
inhablied island being wWake. Enewetak Atcll's inhabitants had been voluntarilly
moved to Ujelang Atoll in 1948, approximately 110 nmi (200 km) southwest of
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Enewetak., as a precaution against fallout exposure. Fast of Enewetak are sev-
eral atolls including Bilkini, Rongelap, Rongerik, Ailinginae. and Utirik.
Rongelap. the nearest 1inhablited atoll in this direction, 1s a little over 260
nmi (480 km) from Enewetak.

The climate of Enewetak 1s tropical marlne. generally warm and humid. Tem-
perature changes are slight, ranging from 70° to 90°F (21° to 32°C).
Rainfall 1s moderate. and prolonged droughts may occur. Storms are infrequent,
although typhoons sometimes occur. Although possible at any time, most tropical
storms occur from September to December. Both wind and sea are continuous ero-
sional agents.

Much cumulus cloud cover exists in the Enewetak region, which incorporates
three basic wind systems. The northeast trade winds extend from the surface to
25,000 to 30,000 feet (7.6 to 9.1 km), the upper westerllies from the top of
the trades to the base of the tropopause at 55,000 to 60,000 feet (16.8 to 18.3
km), and the Krakatoa easterlies from the tropopause into the stratosphere.
These systems are all baslcally east-to-west or west-to-east currents. Day-to-
day changes reflect the relatively small north-south components, which are
markedly varlable. Greatest varlation occurs in the upper westerlles, particu-
larly during late summer and fall.

Steady northeast trade winds in the lower levels cause the water at the
surface of the lagoon to flow from northeast to southwest, where 1t sinks to
the bottom and returns along the lower levels of the lagoon, rises to the sur-
face along the eastern arc of the reesfs and islands, and 15 moved by the winds
to the southwest agaln. Lagoon waters moving in this closed loop also mix with
those of the open ocean, resulting in a flushing action. The flushing 1s rapid
and has two major routes. The first 1s directly through the eastern reefs to
the western reefs; the second is through Deep Entrance between Japtan and Partry
arnd out Wide Entrance west of Enewetak. These (wo routes keep the water ol the
northern part of the lagcon separate from the southern waters.

Oon 2 December 1947, the United States closed Enewetak in order to test
nuclear weapons there. The land area of Fnewetak Atoll, 1ts lagoon, and the
waters within 3 miles (5 km) of 1its seaward slides constituted the test area.
These islands were part of the Trust Territory of The Pacific Islands, a stra-
tegic area trusteeship of the United Nations, administered by the United
States. The U.S, agency In charge of the test area itself was the AKC (Refer-
ence 4, p. 23).

The Test Divislion of the AEC Division of Military Applications, Santa Fe
Operations Office, administered the test site through 1ts Enewetak Branch Of -
fice. whlch supervised englneering, construction, maintenance, operation, and
management actlvities performed by 1its contracter, Holmes & Narver Tnc. (H&N).

PHYSICAL. CONDITIONS REFORE GREENHOUSE. Fnewetak had heen the site of nu-
clear testing in 1948: the islands in the southeast quadrant served as the base
for the task force, and the 1slands from north through east -northeast were used
for the tests themselves. The principal base 1slands were Enewetak, which
bordered Wide Entrance, and Japtan and Parry, northeast of Enewetak., which bor -
dered Deep Entrance.
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Facilities and structures on the islands were primarily from World War II,
and most were in very poor condition in 1948. Many of the islands had short
stub piers that were in poor repair. There was no deep water pier. There were
six airstrips, of which only the airstrip at Enewetak was in serviceable con-
dition. It was 6,400 feet (2 km) long and paved with crushed coral. There was
underwater communications cable to several islands that was in good shape
{Reference 4, pp. 5 through 7).

In late 1948 H&N was charged with the complete rehabilitation of the oper-
ational islands at Enewetak Atoll. The first half of 1949 was needed for sur-
veys, planning, preparing drawings, and obtaining necessary approvals from the
AEC, By the time the construction program was completed in July 1951, the cost
had reached $25 million. Construction included barracks for 708 men on Parry
and for 600 on Enewetak, mess halls, laboratories, medical areas, theaters,
barber shops, chapels, experimental structures, and many other facilities to
support a semipermanent workforce. All construction on Enewetak Island was done
by the Army's 79th Engineer Construction Battalion, and H&N worked on Parry
and the shot islands. The runway at Enewetak was lengthened to 7,000 feet (2.1
km) and paved. More taxiways and parking areas were added. Three piers were
built, including a deepwater pier at Parry Isliand. Utilities were completely
refurbished, including sewers, saltwater and freshwater systems, telephones,
and electric power (Reference 1, p. 117; Reference 4, p. 16).

The islands in the northeastern section of the atoll had been denuded of
most vegetation during World War II and in 1949 after the SANDSTONE shots,
when extensive grading was done to reduce radioactivity. Japtan, just north of
Parry, had escaped this action and still had a good stand of coconut trees and
other vegetation. The islands in the northwestern section still bore the lower-
growing native trees. Figure 3 shows Dridrilbwij and Bokaidrikdrik mainly cov-
ered with native plants. Figure 4 shows the coconut palms on Japtan, and
Figure 5 shows Parry Island.

A causeway had been built between Aomon and Bijire islands during SAND-
STONE. In preparation for GREENHOUSE, another was built between Eleleron and
Acmon. Temporary camps were constructed on three islands in the shot area in
preparation for GREENHOUSE. A tent camp capable of billeting 610 was con-
structed on Enjebi. Similar camps for 320 men on Bijire and 240 on Runit were
also constructed and used dQuring GREENHOUSE (Reference 4, p. 15).

RADIOLOGICAL CONDITIONS BEFORE GREENHOUSE. The SANDSTONE shots on Enjebi,
Aomon, and Runit were detonated on 200-foot (6l-meter) towers and contaminated
the island surfaces because of the relatively low heights of their bursts. In
July 1948, 2 months after SANDSTONE, a radiobiology team from the Applied
Fisheries Laboratory, University of Washington, visited Enewetak to examine
effects on plant and animal life and returned in August 1949 to further study
these effects. The Korean War forced cancellation of a planned trip in 1950,
Results indicated that radiocactivity was passed up the food chain among fish
in the lagoon and chat some plant life was destroyed or stunted by radioactiv-
ity near the detonations, Radioactivity persisted in plants, particularly in
older, dead tissue (Reference 1, p. 105).
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- figure 3. Aerlal view of Dridrilbwij and Bokaidrikdrik i1slands, 1951.

- Figure 4. Coconut stands on Japtan Island, 1961,
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Figure 5. Parry Island buildings, 1951.

In February 1949, the AFC sent a survey and decontamination team to Enewe-
tak under the command of an Army officer who later headed the Radsafe Unit
during GREENHOUSE. Enjebl was surveyed in detall, while Acmon. Bijire. Runit,
and Lojwa were surveyed in general, Radloactivity was found in most locatlons:
however, the three crater areas on Enjebl., RAomon. and Runit were the most
radiocactive.

Cleanup was begqun 1n March 1949, and all persons wotking on radiocactive
islands wore dosimetry badges. Radioactive metal was gathered up and dumped at
sea. The top 4 to 6 inches (10 to 15 cm) of soll in radloactive areas was bull-
dozed Into the three shot craters and covered with uncontaminated l1ive coral
scooped from the lagoon. This covering was 1 foot (0.3 meter) thick to a radlus
of 1.000 feet (305 meters) and 6 inches (15 c¢m) thick from 1,000 to 1,500 feet
(305 to 457 meters). No radiological cleanup work was considered necessary for
Parry. Enewetak, or Ananlij. Because of the possiblility of inhaling dust con-
taining radicactive material, a sprinkling system to wet down the unstabilized
soll was considered. l.ater research indicated that this system was unncessary.
It was, nevertheless, purchased and used. By 22 November 1949, the shot 1slands
had been regraded to the point that no radiological problem existed on most of
them.

A survey in March 1950 showed that Lojwa had no radicoactivity and Enjebi
and Aomon were down to 0.001 R/hr maximum, whereas Eleleron showed readings as
high as 0.002 to 0.004 R/hr and Runit averaged 0.0015 R/hr. SANDSTONE shot




ZEBRA tower footings on Runit measured between 0.005 and 0.0012 rR/hr, and work
there was limited to 25 hours per week per worker. A final survey from 5 to
11 May 1950, after cleanup was complete, showed no possibility of overexposure
to gamma radiation anywhere on the atoll (Reference 5, p. 42). Use of dosimetry
badges and other radsafe procedures was discontinued on 11 May 1950.

Special Problems in Testing in the Marshalls

The remoteness of the Enewetak location posed significant logistic problems
for GREENHOUSE, especially considering the major construction program under-
taken to prepare for GREENHOUSE. The remoteness also required special security
arrangements in transporting the nuclear devices from laboratories in the
United States to the test area. The radioactive cloud samples required expedi-
tious transport by the Military Air Transport Service (MATS) to several U.S.
laboratories for analysis.

The limited land area at Enewetak Atoll was also a problem. The three in-
habited islands at the southern end -- Enewetak, Parry, &nd Japtan -- were
overcrowded auring testing. For example, for shot GEORGE over 3,000 perzonnel
were on Enewetak and over 1,000 on Parry. In addition, 700 men who were evacu-
ated from the tent camps on the northern islands had to be billeted aboard
several ships (Reference 5, p. 89).

The lack of a land bridge *o the northern islands required a major effort
to transport men and material to the test islands. Navy landing craft were
used extensively for this task. Three temporary tent camps were built on the
northern islands to minimize the commuting time. Figure 6 shows the camp at
Enjebi.

There were also some advarntages, however, in testing at Enewetak besides
the iarge open ocean area. The separation between the northern and southern
islands created a natural safety barrier €from the detonations. The separate
islands also made control of personnel movement easier, and the task force
devised a color-coded security badge system to show access authorization to
the several islands.

JOINT TASK FORCE THREE

JTF 3 was formally established by the Joint Chiefs of Staff (JCS) on 23
June 1949, and was organized similarly to the earlier JTF 7 organization used
for SANDSTONE. It incorporated elements of the four military services, other
government agencies including the AEC, and civilian organizations under con-
tract. The AEC, charged with responsibility for nuclear energy development by
the Atomic Energy Act of 1946, designated Commander JTF 3 (CJTF 3) as its rep-
resentative. CJTF 3 was also subordinate to JCS and reported to the Chief of
Staff of the U.S. Air PForce who was the JCS executive agent for the series,
These relationships are illustrated in Figure 7.

The resulting organization, though complex, worked well enough, as it con-
formed with the realities of the situation. The realities were that the tests
were being conducted to develop nuclear weapons, an activity limited by law to
a civilian agency, the AEC, The tests were conducted in the Pacific Proving




figure 6. Enjebt camp, GREENHOUSE
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Ground in an area that came under the jurisdiction of the AEC, PFurther, the
test area was remote from the United States and the special supplv and security
arrangements required military operations., Finally, the organizatisn for which
the weapons were being developed was the Department of Defense.

The joint task force was divided into functional and service-branch ori-
ented task groups. The JTF 3 Scientific Deputy actually directed the testing
and CJTF 3 managed the overall program. TG 3.1, directed by a civilian scien-
tist from LASL, conducted all the experimental programs and managed the fa-
cilities contractor for the test area. TG 3.2, commanded by an Army brigadier
general, provided military security for the test area and logistic support to
Air Porce units. TG 3.3, commanded by a Navy flag officer, provided off=-shore
air patrols and general logistic support, surface defense, local water trans-
port for men and equipment, and floating fuel storage. TG 3.4, commanded by an
Air Porce major general, provided air weather reconnaissance, search and res-
cue (SAR), air taxi service, aircraft flight control, and air Jdefznse. This
task group also operated the drone zircraft used for cloud sampling and mea-
surement of blast effects.

During GREENHOUSE the Army provided 1,615 personnel, the Navy 2,951, the
Air Porce 2,604, and the Marine Corps 134. There were also 2,049 civilians
from DOD, LASL, and various contractor organizations. Not included in chese
totals is the Army's 79th Engineer Construction Battalion, which was employed
in construction work on Enewetak Atoll in preparation for GREENHOUSE but was
transferred from the area before the test period (Reference 6, p. 1). A total
of six shipe and one hundred ten small boats, mostly landing craft and DUKWs,
participated in GREENHOUSE, The Air Force provided 103 aircraft and the Navy
10 to support GREENHOUSE operations (Reference 6, p. 3).

Commander JTF 3 had three principal deputies, one of whas was also the
civilian scientist in charge of TG 3.1. The joint staff was patterned after
other military organizations. The Radsafe Advisor to the commander was also in
charge of Task Unit (TU) 3.l1.% (Radsafe) under TG 3.1l. JTF 3 Headquarters was
located on Parry Island and assigned personnel were billeted there. Evidently
the staff had some duties on Enewetak Island as well, because 60 men from Hg
JTF 3 were there for shot GEQRGE. Total strength of Hg JTF 3 during April and
May was 320 (Reference 5, p. 89).

Task Group 3.1 (Sclentific)

TG 3.1 was the heart of the task force. It was respensible fcr preparing
and firing the four nuclear devices, preparing and conducting almost all the
various experimental programs, executing the entire radsafe program, and oper-
ating and maintaining all atoll base facilitias except those on Enewetak
Isiand, which were managed by TG 3.2 (Army) (Reference 7, p. Bl)., T35 3.1 was
formed at LASL and most of its key people, including its commander, were from
LASL's newly formed J-Division. Figure 8 shows the organization of TG 3.1. De-
scriptions of 1its seven subordinate task units follow. ®ersonnel strength of
™ 3.1 in the test area, not inciuading HaN employees, increased from 99 on
1 Pebruary 1951 to 521 on 1 March, and to 871 on 1 April, decreasing to 817 on
1 May, 67 on 1 June, and 2 on 1 July 1951. H&N employees made up the bulk of
TU 3,.1.7.
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Figure 8. Organization of Task Group 3.1, GREENHQUSE.

TASK UNIT 3.1.1 -- LOS ALPMOS EXPERIMENTS. This task unit was responsible
for all Program 1 experiments, the diagnostic experiments assoclated with the
four nuclear devices. Most of 1ts personnel were from LASL. On 2 February 1951,
335 men in the test area were in TU 3.1.1 (Reference 8).

TASK UNAIT 3.1.2 -- BIOMEDICAL EXPERIMENTS. This task unit was responsible
for Program 2 experiments, which encompassed the entire blomedical program of
18 separate projects. There were 100 men in TU 3.1.2: 23 of them civilians and
77 military personnel. The majority of the Navy personnel were assigned to
BuMed Unit One. This unit was formed specifically for the GREENHOUSE operation
by the Navy Bureau of Mediclne and Surgery. Tests were conducted on dogs, pigs.
mice, corn seed, and mold. The animals were kept and Program 2 personnel were
billeted on Japtan Island (Reference 8: Reference 9, p. 88: Reference 10,
p. 6). Faclllitles on Japtan consisted of a laboratory, a shop, living quarters
for scientific and custodial personnel, a mess hall, storage bunkers, and pens
and cages for dogs, plgs, and mice. The maximum number of personnel on the
island was 145 in mid-April including 52 from BuMed Unit One Iin TU 3.1.2, 47
others In TU 3.1.2, 18 H&N employees, 13 milltary police, 7 monitors from the
Radsafe "nit, 5 consultants or observers, and 3 men from TU 3.1.4 (Reference
11, pp. 1 through 9).
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TASK UNIT 3.1.3 -- PROGRAMS 3 THROUGH 8. This task unit was responsible
for a wlde varlety of service-oriented experiments. Altogether 327 men worked
on the flve various programs in TU 3.1.3 (Reference 12 p. 17; Reference 8).

Program 3 experiments tested nuclear effects on structures, Participants
were the Army Corps of Englneers, Navy Bureau of Yards and Docks, the Air
Force, and the Public Bullding Service, an element of the General Services
Administration. Sandia Corporation measured pressure, acceleration, and dis-
placement on the varlous structures. H&N bullt the structures.

Program 4 experiments investigated nuclear cloud physics. Alr Force air-
craft carried out these experiments.

Program 5 experlments tested the effectiveness of new airborne and ground -
based radiac equipment. Alrborne testing was done with two alrcraft, a P2V and
a B-17, equipped with a varlety of proven and new radlac instruments.

Program 6 experiments were physical tests requiring a varlety of measure -
ments, including cloud sampling, thermal radiation, fallout pattern, testing
of decontamination equipment, and testing of protective clothing. Equipment
such as tanks was also tested.

Although not formally a part of TG 3.1, Program 7 experiments were moni -
tored by TG 3.1. Program 7 experiments were conducted by Hq USAF, whose per -
sonnel were in TG 3.4. These experiments included air conductivity measurements
(Project 7.4) and cloud sampling (Project 7.8), Project 7.4 used two 1.-13s and
two B-50As, and Project 7.8 used several aircraft, including the B-17 drones.
B-50As and B-50Ds, and WB-29s. RAnother project 1n Program 7 was the l.ong Dis-
tance Measurement of Energy Yield of an Atomic Explosion, which used a C-54
alrcraft from the 54th Weather Reconnaissance Squadron oh Guam. This project
took measurements in the Guam area only (Reference 13; Reference 14, p. 15).

Program 8 experiments measured nuclear effects on speclally instrumented
alrcraft. Altogether, 327 personnel worked on the six projects in TU 3.1.3.

TASK UNIT 3.1.4 -- ASSEMBLY. This task unit was reponsible for preparing,
emplacing, and firing the nuclear devices. Fifty-five men were in this task
unit (Reference 43).

TASK UNIT 3.1.5 -- RADIOLOGICAL SAFETY. Radlological safety wuas a command
responsibility for each of the task groups, but thls task unit was responsible
for providing technical assistance to CJTF 3 in radsafe matters. TU 3.1.5 pro-
vided radsafe monlitors to conduct radiation surveys of 1islands. to accompany
reentry teems, to monitor sample removal from alrcraft, and to perform a varl -
ety of other monitoring. TU 3.1.5 also was responsible for procuring all film
badges. developling and interpreting exposed film badges, and keeping updated
exposure records for all badged 1ndividuals (Reference 7, p. H2). As of 2 Feb-
ruary 1951, 77 men were in this unit (Reference 8).

TASK UNIT 3.1.6 -~ PHOTOGRAPHY. This task unit was formed from 1.ASL. em-

ployees. averaglng about 15 people in the test area. TU 3.1.6 had four primary
responsibilities:
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Taking documentary photographs for sclentific units

Storing and providing security control for sensitized ma-
terial used during tests (spectroscoplc plates, recording
paper, etc., as well as film used in still photos)

® Staffing darkrooms, when needed, to process sclentific
photographic records, and supplyling chemicals, solutions,
and ald to those who wished to process thelr own records

® Providing flle prints during the operation and finlshed
report prints after the operation.

The unit took over 11,000 photographs, 3,500 before the tests began and 7,500
during the tests. The emphasis was on suppotting Programs 2 through 8 (Refer-
ence 15, pp. 87 and 88). Evidently 1ts mission had little overlap in the test
area with that of the Air Force photography unit from the Air Force Lookout
Mountaln Laboratory (TU 3.4.8).

TASK UNIT 3.1.7 -- BASE FACILITIES. The facilities on all islands of Ene-
wetak Atoll except Enewetak Island were managed by H&N. H&N personnel operated
the eloctrical systems, water systems, sewage systems, telephone systems, and
various others.

Task Group 3.2 (Army)

Most Army personnel in JTF 3 were assigned to TG 3.2. TG 3.2 was the first
task group activated by CJTF 3 when General Order #1 was promulgated on 12 Jan-
uary 1950. Composed entirely of service units, the first components of TG 3.2
arrived at Enewetak Atoll on 16 March 1950. Table 2 l1sts units involved and

Table 2. Organizations in Task Group 3.2, March 1950, GREENHOUSE.

Enlisted
Unit Officers Men

Hq and Hg Company 7th Engineering Brigade 4 154
79th Engineering Construction Battalion 29 693
OM Detachment #6, 6135th TSU 4 101
70th Auto Maintenance Ordnance Detachment 1 28
9470th TSU Signal Detachment 2 13
3rd Mobile Surgical Hospital 4 22
Hg 18th Transportation Battalion 2 8
511th Transportation Port Company 4 204
Finance Detachment 2 5
Totals 89 1,228

Source: Reference 3, p. 143.




enumerates the men at Enewetak Iin March 1950. The task group was a self-
sufficlent base development crganization engaged in construction and operation
of base facllitles at Enewetak Island and the atoll. The onset of the Kotrean
War in June 1950 had a large impact upon compositlon and manning levels of TG
7.2. Significant unlit and personnel changes occurred before the first GREEN-
HOUSE detonation in April 1951.

During the operaticnal shot phase, TG 3.2 personnel provided the following
gervices:
® Operation of transient billets

Maintenance and supervislion of all officer quarters and
mess

® Repalr and malntenance services for utllitles and facll-
ities

e Bakery and mess support

® Heavy fileld maintenance for ordnance wheeled vehicles

Operation and maintenance of off-island radio communica-
tions

Medical and dental services

Operation of the port and port headquarters
Financial services

Spaecial services (recreation) facllitles
Counterintelligence

Atoll ground defense and general security

Emergency ground transportation.

In addition. some TG 3.2 personnel participated 1n the operational phase
in support of sclentific prolects of Army Interest. Figure 9 1illustrates the
TG 3.2 organization.

Task Group 3.3 (Navy)

The Navy task gqroup supported scientific programs at Enewetak Atoll and
carried out surface and alr operations in and around the atoll.
The main tasks of TG 3.3 were to:
® Deliver nuclear components to Enewetak Atoll
® Provide mobile faclilities for devices at the test site

e Conduct surface and air security measures in the Enewertak
Danger Area

X e Establish Air Force special project and weather statlons
at outlying atolls

® Conduct radlological surveys of inhabited 1slands
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® Provide interatoll water transport
Plan for evacuation of all personnel from the atoll

Transport personnel and sclentific and naval equipment to
and from the atoll

® Provide living accommodations for task group personnel.

TG 3.3 was organlzed iInto functional task units as shown in Figure 10,
These task units with thelr names, forces assigned, and functions are listed
in Table 3.

Most of the naval vessels stayed at FEnewetak during the test series except
for the two destroyers, which constantly patrolled the area. The flagship., USS
Curtiss (AV-4), was anchored off Parry Island during all the shots. USS Cabildo
(LSD-16) was the mother ship for the boat pool, which provided water transpor-
tation for all task units during GREENHOUSE. L1lving accommodations were pro-
vided by the Military Sea Transportation Service (MSTS) troop transport, USNS
Sgt. Charles E. Mower (T-AP-186). USS_ LST-859 supplied all outlying stations
and, when at Enewetak Atoll, housed TG 3.1 personnel. Security was reinforced
by the Harbor Control Unit. which monitored the entrances to the atoll lagoon.
Most TG 3.3 personnel remained on board ships except for naval personnel in-
volved in the sclentific operations and recreation parties. Table 4 lists task
group strength flgures for three different weeks during the operation.

COMMANDER
TASK GROUP 3.3

FLAG
LIEUTENNANT

CHIEF OF STAFF

T a = Tom TR T T e e e L W, Ty BT - v T - e TERCTAE TN o T

PERSONNEL
INTELLIGENCE PLANS
AND LOGISTICS COMMUNICATIONS
ADMINISTRATION AND SECURITY AND CPERATIONS
TASK UNIT 3.3.1 TASK UNIT 3.3.3 TASK UNIT 3.3.4 TASK UNIT 3.35 TASK UNIT 3.3.7
FLAGSHIP AIR PATROL SURFACE PATROL BOAT POOL UNASSIGNED
*TASK UNIT 3.3.2 TASK UNIT 3.3.6
CONVOY AND HARBOR
ESCCRT CONTROL

*OPERATIONAL CNLY DURING MOVEMENT
TO AND FROM ENEWETAK

Figure 10. Organization of Task Group 3.3, GREENHOUSE.
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Table 4. Task Group 3.3 strength, GREENHDUSE.

Enewetak Kwajalein

Date Officers Enlisted Civilians Officers Enlisted Civilians Total

6 Apr 51 123 1,853 177 52 339 1 2,545
20 Apr 51 122 1,856 178 52 336 1 2,545
4 May 51 121 1,833 177 52 133 1 2,517

Source: Reference 17.

Task Group 3.4 (Air Force)

The Alr Force task group mlssion for GREENHOUSE was to provide local ailr
transport, atomlc cloud sampling., weather data, alir operations control, search
and rescue, and photographic support. Speclfic missions were to (Reference 7,
pp. 1 through 9):

® Operate an airbase at Enewetak

® Provide and operate aircraft to conduct experimental pro-
grams and cloud sampling., long-range detection, and air-
borne structural blast tests

® Provlde and operate alrcraft to provide weather data and
detect and track the atomic cloud

@ Provide and operate decontamination facilities for TG 3.4
aircraft and personnel at Enewetak and Kwajalein

® Provide and operate weather observation posts at Kusale,
Nauru, Blkati, and Majuro

® Provide and operate JTF 3 Weather Central at Enewetak

® Provide and operate llalson-type alrcraft for intra-atoll
transportation at Enewetak

@ Provide and operate alrcraft for search and rescue opera-
tions within 300 nmi (556 km) of Enewetak

® Provide documentary motion picture and still photographic
coverage of Operation GREENHOUSE.

To implement these functions TG 3.4 was organized as shown in Figure 11
(Reference 9, p. 4). Headquarters, U.S. Alr Force, tasked 1ts major commands
to provide men and equipment to staff TG 3.4. Figure 12 shows the parent com-
mands of the different elements of TG 3.4 (Reference 9, p. 3). Personnel
strength of TG 3.4 on site increased from 637 on 31 January 1951 to a high of
2,409 on 12 Aprill 1951, slowly decreasing to 1,854 on 24 May 1951. the date of
the last shot (Reference 3. p. 114; Reference 18, p. 3; Reference 19, p. 3).
Table 5 shows TG 3.4 personnel distributlon by task unit (Reference 20, p. 69).
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figure 11. Organization of Task Group 3.4, GREENHOUSE.
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Table 5. Personnel distributton Task Group 3.4, GREENHOUSE.

Parent

Unit Command@ Officers Alrmen Civilians Totals
JU 3.4.1 APG 94 798 0 892
TU 3.4.2 APG 137 512 0 649
T0 3.4.2.1 AMC 18 21 53 98
TU 3.4.3 MATS 4 138 0 139
TU 3.4.4 MATS 69 254 0 323
TJU 3.4.5 MATS 20 99 0 119
TU 3.4.6 TAC 30 117 0 107
TU 3.4.7 MATS 15 37 0 52
TU 3.4.8 APG 9 3 18 30

Total 396 1 942 71 2,409

Note:

a
AMC -- Air Materiel Command; APG -- Air Proving Ground; MATS -
Military Atr Traasport Service; TAC -- Tactical Air Command.

Source: Reference 20, p. 69.

Providing and operating alrcraft in support of GREENHOUSE ras the primary
function of TG 3.4. Table 6 shows the types and numbers of alrcraft used within
TG 3.4 and thelr functions. Chapter 7 discusses the units that supplied per-
sonnel to each of the eight task units in TG 3.4. The F-80C interceptors were
added at the last minute to provide alr defense of Enewetak.

TASK UNIT 3.4.1 -- HEADQUARTERS AND HEADQUARTERS SQUADRON. Stationed on
Enewetak Island with a maximum strength of 660 men during GREENHOUSE (Reference
20, p. 69), TU 3.4.1 operated the alrbase at Enewetak TIsland and maintalned
and supplied all alrcraft located on Enewetak. Personnel from TU 3.4.]1 assisted
TU 3.4.2 in alrcraft decontamination operatlions. The flight of six F-80C inter-
ceptors was a late additlion to TU 3.4.]. TU 3.4.1 established a detachment on
Kwajalein (Task Detachment [TD]} 3.4.1.1) consisting of 232 personnel who main-
tained and supplied aircraft for task force elements on that 1sland (Reference
7. p. 3: Reference 27, p. 40).

TASK UNIT 3.4.2 -- EXPERIMENTAL AIRCRAFT. This task unit, comprised of
personnel from the 3200th Drone Squadron., Eglin AFB, Florida., was stationed on
Enewetak Island and had a maxlmum strength »f 649. TU 3.4.2 operated the B-17
and T-33 drones and B-17 and T-33 controller aircraft. The B-17 drones were
used in cloud sampling, and both types of alrcraft were used in effects test-
ing. TU 3.4.2 also operated alrcraft and personnel deccntamination facllitles
on Enewetak Island for TG 3.4 personnel and equipment, and two alrcraft, a B-17
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(' Table 6. GREENHOUSE aircraft.
- Type Task Tail and
v.. Atrcraft Missien Unit Identification Numbers
2 SA-16  Search and rescue 3.4.7 9087, 9091
SB-176 Search and rescue 3.4.7 83754, BIN
- P2v Radiac 3.4.2 368
S B-17 Radiac 3.4.2 246
: DB-17G Manned controllers for Q8-17 3.4.2 614, 525, 542, 559, 636, 654, 657, 680,
E dranes €683, 684, 687, 689, 690, 694, 715
‘I 0B-17G4  Cloud sampling and effects 3.4.2 537, 549, 565, 566, 617, 644, H49, 552,
g testing (unmanned) 656, 658, 666, 569, 674, 679, 692, 697,
<. 738, (remaining one t3ail number 1s
s unknown )
B WB-29 Weather and sampling 3.4.4 44-27300, 44-27343, 43-27335, 44-27269,
- 44-87740, 44-62202, 44-85399, 44-86399,
Py 44-62220, 45-21816, 45-21819, 45-21872
- R8-20°  Film fogging test 3.4.2 1762
> XB-47 Blast effects 3.4.2 45.066
3 B-50A Tracking/sampling 3.4.2 46-017, 46-023
) B-500 Blast effects 3.4.2 49-230, 49-340
.. C-47 Photography 3.4.1 408 (remaining four tail numbers are
A unknown )
- C-54 Photography 3.4.1 082
j‘ DT_33A Manned controllers for QT-33 3.4.2 920, 930, 950, 951, 959
- drones
= QT-33A¢ Efferts testing, unmanned 3.4.2 927, 928, 929, 939, 940
- drones
N L-5 Ltatson 3.4.6 7 1ight planes
~ L-13 Lialson 3.4.6 15 1ight planes
] H-5 Liaison 3.4.6 4 helicopters
:\ F-80C Interceptors 3.4.1 6 jet fighters
- P2v Ocean surveillance 3.3.3 9 Navy patrol planes
. PBM Radsafe water sampling 3.3.3 1 Navy amphiblous patrol plane
Notes:

40B-176 #666 lost on ITEM shot.

bRB-29 (SAC) arrived in the test area shortiy before shot GEORGE and departed two days
after participating in GEDRGE.
“GT-33A #928 lost on DOG shot and QT-33A #9329 and #940 iost on EASY shot.

Sources: Reference 21, p. 75; Reference 22, p. 17; Reference 23, 16; Reference 24,
p. 37; Reference 25, p. 8; Reference 20, pp. 57 thrcugh 63 and Appendix E;
Reference 26, p. 25.
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and a P2V, which tested new radlac instrumentation and equipment. The Alr
Materiel Command established a detachment of men on Kwajaleln, designated TD
3.4.2.1, Experimencal Aircraft Detachment, under operational control of TU
3.4.2 for the duration of GREENHOUSE. TD 3.4.2.1 had a maximum of 98 men in
the test area. some of whom moved to Fnewetak Island wher. the two B-50Ds were
transferred there before the first shot of the serles. In addition to the two
B-50Ds. this detachment operated two B-50As and one B-47. The B-50aAs and B-50Ds
collected radioactive ailr samples near the nuclear cloud and conducted other
experiments. The B-47 was used for alrborne structural blast tests.

TASK UNIT 3.4.3 -- COMMUNICATIONS. This task unit provided and operated
the alrways communications facilities at Enewetak. which included the control
tower, alrcraft llalson net, weather reporting net. point-to-point communica-
tions, aircraft homing beacons., and other navigation aids. TU 2.4.3 also had a
detachment at Kwajalein that provided similar services to task force alrcraft
in that area. This task unit had a peak strength of 139 personnel. The specific
breakdown between Enewetak and Kwajaleln 1s not known (Reference 7, p. 6: Ref-
erence 20, p. 69).

TASK UNIT 3.4.4 -- WEATHER RECONNAISSANCE. This task unit provided and
operated 12 wWB-29s that were used for long-range weather reconnalssance and
for sampling and tracking the radilocactive clouds. The unlt had & maximum of
323 personnel 1n early April, of whom all but 6., who remained on Enewetak
Island, were stationed on Kwajalein. TU 3.4.4 also operated alrcraft and per-
sonnel decontamination facilities for TG 3.4 alcrcraft and personnel on Kwaija-
lein (Reference 7, p. 6: Reference 20, p. 69).

TASK UNIT 3.4.5 -- WEATHER. This task unit manned JTF 3 Weather Central on
Parcry Island and operated remote weather stations on Nauru, Bikati. Majuro,
and Kusale islands. This unit had 119 personnel scattered around the Pacific:
70 total on the remote 1slands, 3 on Kwajalein who d1d radiological exclusion
(radex) area plotting for TJ 3.4.4, and 46 who ran the Weather Central on Parry
Island. The 46 men. 12 of whom were Navy personnel, lived on Enewetak Island
and commuted to and from Parry dally. Most of the Alr Force personnel 1in this
task unit were from the 2060th Moblle Weather Squadron at Tinker AFB, Oklahcma.

TASK UNIT 3.4.6 -- LIAISON This task unit operated and majintalined the
light alircraft (L-5s and 1.-13s) of the 4th Liaison Flight and helicoptets
(H-5s) of the 5th Helicopter Flight used for Intra-atoll airlift. These aitr-
craft were also used for security sweeps of the Islands before and after shots
and for spraylng insecticides on the islands. The light aircraft were used to
assist Hq USAF by taking alr conductivity measureiments in conjunction with Pro-
gram 7 experiments. Maximum strength of this unit was 107 in early April, most
of whom were from tihe 2600th Air Base Squadron at Pope AFB. North Carolina.
All TU 3.4.6 personnel were stationed at Enewetak Island (Reference 7, p. 7:
Reference 28, p. 3).

- RS

and 5Sth Alr Rescue Sqguadrons and 4 aircraft (2 SA-16s and 2 SB-17s), served
all task force activities within 300 nml (556 km) of Enewertak Atoll (Reference
7. p. 8). Most of this unit was stationed on Kwajalein; however. at least one
SA-16 and one SR-17 were retalued at Enewetak Island and alrcrews were rotated

TASK UNIT 3.4.7 - RESCUE. This SAR unlt comprised of S2 men from the 4th
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about every 2 weeks (Reference 27, p. 74). At times two SA-16s and one SB-17
were at Enewetak. In addition, at least sne person from this task unit was
assigned to the llth Ailr Rescue Squadron, Hickam AFB, Hawaii.

TASK UNIT 3.4.8 -- PHCTOGRAPHY. This documentary photography unit produced
two fillms as well as a larye collection of »till photographs.
this unit were from Air Force Lookout Mountain Laboratory., California: its

maximum strength was 30, all of whom were statloned on Enewetik Island. A few
worked at Parry lsland, however, and commuted daily.

Personnel 1in
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CHAPTER 2
RADIOLOGICAL SAFETY

During Operation GREENHOUSE, radlological safety (radsafe) was based on
adapting current safety principles and procedures to the field operation. Pro-
tectlve regulations issued by Commander Jolnt Task Force 3 (CJTF 3) were based
on national and 1international advisory bodles' recommendations concerning

radiation exposure limits, and administrative rules and controls implemented
the regulations.

Methods to limit human exposure to radiation included both physical safe-
guards (barrlers to restrict access to radiological exclusion [radex] areas)
and 1indoctrination and tralning to acquaint personnel with the problem of
radiation. This chapter explains the requlations, administrative rules, and

procedures used by JTF 3 to limit exposure and measure the effectiveness of
the controls.

The concept of radicloglcal safety for Cperat?on GREENHOUSE required each
task unit to provide for 1its own safety under directives 1ssued by CJTF 3. Each
task unit was delegated support functions for the beneflit of the task force as
a whole, but task units were basically self-sufficlent in manpower, mainte-
nance, and tralning (Reference 29, Annex D-1). CJTF 3 radsafe directives (Ref-
erence 30) had the following underlying objectives:

® Collect and disseminate information on potential radio-

logical problems that might cause injury and sickness to
personnel

® Ensure the safety of all personnel er o>ved in radioactive
areas

@ Prepare Iinformation detalling nece iry precautlons for
protecting personnel

® Reevaluate the hazards of a radliologicai area as survey
work progressed

& Maintaln records of any 1lllness or Injury resulting from
exposure to radiocactivity.

RADIOLOGICAL SAFETY PLANNING

In autumn 1948, Los Alamos Sclentific Laboratory (LASL) gave serlious con-
silderatlion to radsafe contrcl and organization during the tests planned for
1951. In December 1948, the Sclentific Director of the task force presented
his philosophy regarding conduct of the program, stating that he had a moral
responsibllity for the radliological safety of all personnel engaged in work
under his direction and urging that the radsafe section be placed under the
Sclentific Dlirector rather than the task force commander (Reference S, p. 39).
Throughout spring and early summer of 1949, this i3sue was dlscussed.
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J-Divislon of LASL was directed to establish radsafe regulations and train
monitors to ensure radlological safety of all personnel conducting the tests
under the commander of the sclentific task group (Task Group [TG] 3.1).
J-Division was also willing to assist the task force commander in establishing
radsafe requlations for all personnel and equipment within Enewetak Atoll, and
even outslde the atoll to some reasonable limlit. The great advantage to such a
plan, the Scilentific Director argqued, was that he could authorize the monitors
under his control to stop any operation they considered unsafe. The Sclentific
Director felt that since Enewetak was an Atomic Energy Commission (AEC) 1in-
stallation, monitoring was J-Division's responsibility (Reference 5, p. 39).

To glve the Sclentific Director, who was also commander of TG 3.1, control
over radsafe activitles 1n other task groups, however, was contrary to normal
mllitary operations. The task force commander decided in August 1949 that de-
splte possible duplication of efforts and instruments for tralning and organi-
zational purposes, 1t was critical that he have final radsafe responsibility
(Reference 5, p. 39). This responsibllity would, in turn, be delegated to task
group and task unit commanders through regular command channels. Each commander
was responsible for personnei in hls command (Reference 5, pp. 39 and 40).

In its report to the Joint Chlefs of sStaff (JCS), the Joint Proof Test
Committee (JPTC) set forth provisions for radlologlical safety., Radlologlical
safety was declared to be a command responsibility at all levels in matters
pertaining to hazards that might result in injury or death to personnel
(Reference 5, p. 40). The report defined specific task group missions and
responsibilities,

Preliminary plans for the JTF 3 radsafe program were completed by April
1950. The TG 3.1 Radsafe Offlicer, who would command the Radsafe Unit (Task
Unit {[TU] 3.1.5), was made responsible for the safety of personnel assigned to
TG 3.1. The military task group responsibllities were also assigned. Full-time
task group radsafe officers were assigned only to each task group staff (Ref-
erence 5, p. 40).

The radsafe plan of each task group was based on the JTF 3 radsafe plan.
The most extensive radsafe instructions were detaliled for TG 3.1 and TG 3.4.
The Army task group (TG 3.2) had few detailed instructions concerning radio-
loo.cal safety, and the Navy task group (TG 3.3) had more. JTF Fleld Order 2-50
(1 Dec. 1950) establlshed radsafe command responsibility, regqulations, opera-
tions, handling of radioactive material., and radsafe responsibilities of each
task group and discussed hazards from atomic bomb explosions. Fileld Order 2-50
is reproduced in Appendix A of this report and is cited as Reference 29.

ORGANIZATION AND RESPONSIBILITIES

Overall orgarizational planning and authorlity for racdiological safety
rested with CJTF 3, The commander's staff coordinated radsaf2 Information col-
lected before and during shot operations. EZlements of control existed at all
command levels. and operational control was applied through normal command
channels. A decentrallzed system of operational coritrol employling elements of
the CJTF 3 staff and units within each task group was established for the
operation A Radsafe Sectlon established iIn J-3 ¢of the task force staff had
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ultimate responsibility for advising CJTF 3 regarding the health and safe em-
ployment of all personnel. The Radsafe Section informed CJTF 3 of anticipated
and current radiologlical hazards. It prepared radsafe rules and regulations
pertaining to radiological health examinations and employment of personnel 1n
contaminated areas, prepared tralning standards for monitoring personnel, and
delineated the various task group areas of radsafe responsibility. While CJTF 3
determined whether a shot was go or no-go, CTG 3.] determined at any time after
that whether it should be cancelled or postponed.

Each task group established a self-sufficlent radsafe unlt. In addition to
routine task group radsafe matters, each task group radsafe unit provided some

general support to the Jjoint task force. In summary, these support functions
were:

® Task Group 3.1 (Scientific)

- Perform all monitoring services assoclated wlth experi-
mental projects

-= Conduct all laboratory functions assoclated with radio-
logical safety, except for TG 3.3, including film badge
processing, laboratory se:vices, exposure record main-
tenance, Iinstrument repaics and maintenance, sample
packaging, and ground radex area plotting

- Monitor water supplies on outlying inhabited 1islands
for possible fallout

® Task Group 3.2 (Army)

- - Assume responsibility for the radiological safety of
Enewetak base facllities, except for alr operations
activities

e Task Group 3.3 (Navy) (Reference 31, p. 2)
-- Develop all necessary shipboard radsafe procedures

- Provide radsafe officers. instruments, clothing, moni-
tors, decontamination crews and alrcraft monitors

® Task Group 3.4 (Air Force) (Reference 5, pp. 40 and 41)

-- Assume responsibility for the safety of all military
and civilian personnel assigned to TG 3.4 and instruct
all TG 3.4 personnel 1n radsafe problems

- Provlde necessary radsafe instruments and clothing

- Plot air radex areas

- Provide one radsafe monitor for each manned aircraft
within 20 nmi (37 km) of the test at time of detonation
or collecting radiological information after detonation

- Provide aircraft ground monitors

- Provide decontamination crews.
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With the exception of TU 3.1.5 (Radsafe), radsafe assignment was for most
personnel an additional duty. Permanent positions existed for only a few pri-
mary duty staff and supervisory personnel. Each task group was assigned at
least one fully trained radiological defense engineer who supervised the activ-
itles of the task group. Thus, the Army task group tralned radsafe personnel
from each activitv in its task group: the Navy task group placed radiological
safety under 1its damage control organlzation in accordance with normal ship-
board practices; and the Alr Force task group used flight crewmembers as moni-
tors and ground personnel for aircraft decontamination. The one exception, TU
3.1.5, was designated the majJor radsafe unit for onsite operations and gliven
the responsibllity for specific centralized and highly technical radsafe ser-
vices. Considerable staffing problems had to be resolved before assembling the
necessary TU 3.1.5 primary duty techniclans, most of whom were military per-
sonnel on temporary duty assignments.

Task Group 3.1 (Scientific)

This group, through its radsafe unit, was a technical service group that
asslsted the supervisory personnel of each scientific project by providing the
necessary technical advice and training for project personnel designated as
monitors.

CTG 3.1 was responsilble for radliological protection of TG 3.1, maintalning
operational efficiency for TG 3.1, and technical asslistance to other JTF 3
elements on nonmedical matters pertalning to radiological safety.

Under CTG 3.1 Op Plan 1-51 (Refeience 32, p. L-1), TU 3.1.% provided:

e All ground monitoring services associated with experimental
projects

® Surface radex area plots to operating agencies of JTF 3

® Protective (disposable) clothing and film badges or per-
sonnel dosimetry devices to personnel working in contami-
nated areas or with radloactive materlals

® Protective goggles for individuals of JTF 3 requiring
visual protectien

Records of individual exposure to radloactivity
Radlation detectlon survey instruments for TG 3.1

Instrument repalr and mailntenance for JTF 3

Technical personnel to inspect all samples and radlologi-
cally contaminated objects.

As a service to the task force as a whole, TU 3.1.5 1ssued a safety bulle-
tin to be read by all personnel, 1ncluding visitcrs, at the Pacific Proving
Ground (PPG).

TU 3.1.5 had three sections: Staff, Laboratory and TInstrumentation, and
Monitoring.
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The Monitoring Section provided monitors for missions in radiocactive areas

' and for personnel working with radioactive materials. The assignment of moni-

o tors was handled by the Operations Officer in Staff Sectlon J-3. All operations

were cenerally considered routine except for "speclal" operations specifically

: designated by CJTF 3. Special operations were urgent work missions on shot

islands (Reference 32, pp. 1 and 2). Radiation monitoring units from TG 3.1

were established at Enewetak, Parry., and Japtan islands to monitor the handling
of test materlals (Reference 29, p. D-3).

The Laboratory and Instrumentation Sectlon, termed the Radsafe l.aboratory.
was responsible for procurement and maintenance of an adequate supply of
radsafe instruments, and for repalr, servicing, and callbration of the Instru-
ments to be used by TU 3.1.5. All other groups of JTF 3 procured their own
radsafe instruments and appropriate spare parts used In operations. The Radsafe
Laboratory was responsible for maintenance, repalir, and servicing of all
radsafe 1instruments used by JTF 3. Finally, it maintained the personnel expo-
sure records of all JTF 3 personnel.

L

.
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TU 3.1.5 maintalned a stock of ionization chambers, Gelger-Mueller counter
survey instruments, personnel dosimeters, and pocket lonization chambers at the
Radsafe Laboratory on Parry Island. The laboratory 1ssued survey Iinstruments
" to the monitors, which were retalned throughout the operation as long as the
instruments worked and had an adequate range for the missions in which the
monitors were engaged. The laboratory gave each monitor sufficlent photographic
film badges and personnel dosimeters for all party members before each mission,
which were returned to the Radsafe Laboratory at the end of the mission. Radia-
. tion sources used in instrument calibration were kept at the laboratory. The
- laboratory aiso checked and repalred any broken instrument returned by JTF 3
-, personnel. It processed, read, and maintained all photographic film badges and
S pocket chambers. It also determined radloactive decay curves on crater material

and other samples (Reference 32, p. C-2).

The Radsafe Center was established by TU 3.1.5 on Party Island as an oper-
ations headquarters for all radsafe activitles. All radsafe data were gathered
at the headquarters. and any information needed by other groups was distributed
from the center as memoranda or situation maps.

The center supported CTU 3.1.5 radsafe planning opesratlons. It tracked the
locations of all monitors engaged in operations and maintained an operations
- table detailing all scheduled missions 1into contaminated areas. This table
included the monlitors' names, destinations, kinds of missions, and times of
arrivals and departures. Three officers and six enlisted men handled these
responsibilities,

The Radsafe Center plotted surface radex areas and maintalned radiological
situation data on all islands of the atoll based on monitor and survey data
obtained by specific monitoring misslons (Reference 32, p. C-18). It was tiled
by a communications net to all shot 1slands and other vital installations
throughout the atoll, including CTG 3.1, CJTF 3, Enewetak Island, Parry Island,
and boat dispatchers (Reference 32, p. C-11).
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Radiation control centers were used for radlological protection of person-

nel entering radloactive areas. There were several operations statlons for all

w radsafe activities at the centers. At the statlions, radiological situation

- data were gathered and informatlon requlired by monitors was malntained in mem-

- oranda and sltuation maps. These maps delineated areas cleared by radsafe per-—
y sonnel, as well as areas requiring monitor escort.

Task Group 3.2 (Army)

- TG 3.2 performed all radsafe monitoring and decontamination services for
. Enewetak Island, except air operations and TG 3.1 activities. The TG 3.2
g Radsaf. Officer advised CTG 3.2 of the presence and location of radiatlion areas
on Enewetak Island, the safe employment of personnel in these areas, and the
necessary precautions to minimlize radiation exposures. The radlation areas on
- Enewetak Island were delineated by the TG 3.2 Radsafe Officer and placed off
3 limits to all personnel not authorized to enter them.

The TG 3.2 Radsafe Officer and his staff (Reference 33):

® Rechecked the radioactive areas, submitting to CTPG 3.2
periodic reports on the changing radiclogical conditions

e Advised the task group surgeon of effects of 1lonizing
radiation on personnel

® Supervised all TG 3.2 personnel entering a radiocactive
area and prevented anyone not physically qualified as the
result of previous exposure from entering such areas

e Provided radiological physical examinations by the task
group surgeon for personnel scheduled tc enter radloactive
areas

e Evaluated, analyzed, synthesized, and used information
and equipment from the Special Assistant for Radlological
Safety., CJTF 3

e Monitored personnel in TG 3.2 working in radloactive areas

. ® Reported daily to TG 3.2 surgeon on the daily amount of
radiation recelved by individuals

¢ Submitted individual dosimeters and film badges to the TG
3.1 Radsafe Officer

e Informed the task group surgeon of any personnel who might
" encounter radlioactivity

® Submitted to CTG 3.1 the names of all TG 3.2 personnel who
were to enter a radloactive area 2 weeks before thelr
- entry into the area.




Task Group 3.3 (Navy)

i Responsibility for owverall coordination of TG 3.3 radsafe activities lay
. with the task grcup commander aboard USS_Curtiss (AV-4). In addition. the
Department of Navy was requested to assign six men to the TU 3.1.5 Radsafe
Laboratory and ten men as TU 3.1.5 monitors.

TG 3.3 was responsible for the following (Reference 31, p. 2):

® Designating the TG 3.3 Radsafe Officer, who was responsible
for the safety of all military and civilian personnel as-
slgned or attached to TG 3.3

¢ Procuring and 1ssuing necessary radsafe instruments, equip-
ment, and protective clothing

e Providing monitors and decontamination crews aboard each
ship within the task group

; e Providing alrcraft monitors for alr units of the task group
5 ® Ensuring that all TG 3.3 personnel were instructed in the
- radsafe matters involved in the operation.

Each ship had its own radsafe monitor. The monitors typically were part of
damage control teams and had radsafe responsibilities as additional duties,
Radiac (radloactivity detection, 1dcntifilcation, and computation) instrumenta-
tlon was provided to each ship, Curtlss had radlac 1nstrument repalr facllities
for all TG 3.3 instrument repair.

Task Group 3.4 (Air Force)

Commander TG 3.4 was responsible for the following general radsafe func-
tions (Reference 7, p. H-1):

b ® Procuring and 1ssuing radlac Instruments, protective
clothing, and equipment within TG 3.4

® Tralning radsafe monitors for alrcraft flying within 20
nmi (37 km) cf the detonatlion and for aircraft collecting
radlological data after detonation

e Providing and operating personnel and ailrcraft decontami-
natlon facllitles at Kwajalein and Enewetak for TG 3.4
personnel and alrcraft

e Plotting the alr radex area and controlling all aircraft
in the vicinity of the detonation cloud.

Each of the task units in TG 3.4 had specific radsafe missions.

TU 3.4.1 (Headquarters and Headquarters Squadron) had the following mis-
. sions (Reference 7, H-3):

e Radsafe training

® Alrcraft decontamlnation assistance

.

e Procurement and storage of radlac and decontamination
equipment for TG 3.4.

"—.IL '_-’.: a*
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TU 3.4.2 (Experimental Aircraft) had the following missions (Reference 7,
p. H-3):

® Radsafe training
o, e Ailrborne monitoring in TU 3.4.2 ailrcraft

® Procurement and storage of radiac and decontamination
equipment for TG 3.4 units on Enewetak

¢ Decontamination of assigned alrcraft

- ® Operatlon of the TG 3.4 personnel decontamination center
at Enewetak

1 e Plotting ground and alr radex areas

b e Coordinating the f1lm badge program and radiac equipment
- maintenance with TU 3.1.5

B e Overall responsibility for TG 3.4 radsafe program at
. Enewetak.

) Task Detachment (TD) 3.4.2.1 (Experimental Aircraft) was part of TU 3.4.2
[~ but was located at Kwajalein. Its responsibilities were radsafe training. alr-
borne monitoring, decontamination operations with the aid of TU 3.4.4, assist-
. ing TU 3.4.4 in operating the personnel decontamination center at Kwajalein,

. and obtaining radiac equipment from TU 3.4.4 (Reference 7, p. H-5).

TU 3.4.3 {(Communications) had the mission of providing radsafe training
for its perscnnel (Reference 7, p. H-4).

TU 3.4.4 (Weather Reconnalssance) had the following missions (Reference 7.
p. H-4):
& Radsafe training
® Alrborne monitoring in TU 3.4.4 alrcraft

e Procurement, 1ssuance, and control of radiac and decontam-
ination equipment for TG 3.4 units on Kwajaleiln

¢ Decontaminatlion of assigned alrcraft

e Operation of the TG 3.4 personnel decontamination center
at Kwajaleln

® Plotting ground and alr radex areas

A AL L

® Overall responsibility for TG 3.4 radsafe program at
Kwajalelin.

' TU 3.4.5 (Weather) was responsible for radsate training and decontamination
B operations as required (Reference 7, p. H-4).

TU 3.4.6 (Liaison) was responsible for radsafe training, ailrborne monitor-
ing in 1its alecraft, decontamination operations as requlired, and obtaining
necessary radlac equipment from TU 3.4.2 (Reference 7. p. H-5).




TU 3.4.7 (Rescue) was responsible for radsafe training. obtaining radiac
equipment from 3.4.4 as requitred, and decontamination operations with the aid
of TU 3.4.4 (Reference 7, p. H-5).

TU 3.4.8 (Documentary Photo) was responsible for radsafe training and for
decontamination operations with the aid of TU 3.4.2 (Reference 7, p. H-5).

TRAINING

In Field Order 2-50 (Reference 29), CJTF 3 ordered two levels of training
-~ baslc 1indoctrination and technical -- but allowed each task group to vary
the scope of instruction according to the group's operational requirements.
Basic indoctrination included nontechnical instruction in radilologlcal matters
and techniques. Such Instruction was to be glven to all task force petrsonnel
to encourage efficlent performance of duties within allowable radiological
exposure levels. Technical training was required of all personnel who were to
staff the task force radsafe organlzations and perform monitoring and other
technical operations, such as decontamination and instrument repair. Technical
instruction was to be obtained through existing service courses and training
sessions established at the task group level.

Task Group 2.1 (Scientific)

The technical radsafe group depended on obtalning from AEC, LASL, and the
services personnel who had formai and specialized training. Sources for tech-
nically qualified health vrhysics personnel during the decontamination perloed
were the Health Physics Division of Oak Rldge National Laboratory (ORNL),
LASL, and special military organizations. In the perlod between SANDSTONE and
GREENHOUSE., the need to decontaminate the shot islands became apparent. Early
in 1949, a serles of regulations were 1ssued for Holmes & Narver, Inc. (H&N)
workmen on the shot 4slands (Reference 34). These regulations remalned 1In
effect untll the SANDSTGNE crater on Enjebl had been covered.

In a conference on 17 May 1950 regarding TU 3.1.5 orlientation, 1t was
agreed that TU 3.1.5 monitors, totalling some 30 men, would meet at LASL about
15 3eptember. Orientation was necessary to assure CTG 3.1 of the adequacy of
the radsafe plan, to familiarize monitors with the work of scientific groups
requiring monitor services, and to allow time to adjust monitor plans 1f con-
ditions warranted (Reference 35).

The radsafe informatlion meeting was held at LASIL from 2 to 7 October 1950.
Program directors and project officers briefed the monitors on operatlional
plans of the projects. Monitors were assigned duty with the various sclentific
programs and were brlefed on radsafe 1instruments to be used. At the conference,
it was decided to establish a radsafe center on Parry Island to serve as an
operations headquarters for all radsafe activitlies. All radsafe data were to
be gathered at thls headquarters and information required by other groups would
be distributed in the form of memoranda and/or s!tuation maps (Reference 306,
P. 2). When the radsafe monlitor requlrements had been analyzed, 1t became ob-
vious that additional monitors would be required. TG 3.1 established require-
ments for 11 additional monitors, and replacement was requested for 5 who could
not be used (1 from 1llness., 2 unavailable. 2 unqualified) (Reference 37, pp.
38 and 39).
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. Training of monitors began shortly after their arrival at Enewetak Atoll.
{g Instruments were 1ssued at once. and famlliarization with them was emphasized
in the trailning program. Monitors began to work with the project directors on
thelr assigned projects about 10 March. Assigning monitors well 1in advance of
shot time was an 1innovation and was reported as a definite improvement over
{'_ previous methods (Reference 38, p. 5). Weekly meetings were held for critiques,
‘l: orlentation. and education, and lectures were glven by CTU 3.1.5 and members

of his staff. By 6 April, the TG 3.1 radsafe unit was ready to begin its
GREENHOUSE monltoring tasks.

Task Group 3.2 (Army)

While TG 3.1 was generally composed of scientists, TG 3.2 was manned almost
entirely by personnel whose knowledge of nuclear matters was gained by on-the-
Job trailning (Reference 5, p. 93).

" On 30 June 1950, CJTF 3 sent a letter to CTG 3.2 directing that tralning
“ be conducted in accordance with policies set forth in the training c¢ircular.
- Number 1, Department of the Army, 27 February 1950. The letter declared that
I units assligned or attached to TG 3.2 should be consildered as employed on oper-
ﬂ: atlional dutlies and should conduct maximum training on a balanced program, em-
- phasizing proper physical training, and indoctrination 1in security, hygiene,

. radiological safety, and military courtesy. Plans and training were also re-
.;- quired for physical safety of the atoll area and for emergency evacuation
3 (Reference 5, p. 94).

On 12 December 1950 Aunex H, Tralning, Op Plan 1-50 was issued. The direc-

. tive continued the provisions of the 1 November 1950 Training Memo Number ]

E and expanded the requirements to include such subjects as radiological safety,

'i; supply disclipline, defense against chemical attacks, and recognition of air-

- craft. This program was in effect until 26 January 1951. oOn this date, CTG 3.2

i suspended all training indefinitely. except that related to the GREENHOUSE

) operation and troop information program. This action was necessary because of

continued interference with the increased construction program and logistic
actlvities (Reference 39, p. 4).

Tas': Group 3.3 (Navy)

- Like TG 3.2, TG 3.3 was generally composed of personnel whose knowledge of
k- nuclear matters was gained by on-the-job training (Reference S, p. 93). On
S 9 March 1951 CTG 3.3 sent to TG 3.3 informatlon on radsafe training and organi-
. zation, which included enclosures pertaining to the radsafe training program,

operating procedures for radiac equipment, shipboard radsafe organization

chart., and shipboard radsafe organization and billet descriptions. Radsafe
- training course toplcs covered development of nuclear weapons, detection of
radjation, and decontamination. The detailed tralning syllabus 1s presented in
N Appendix A of this report.

B Trainlng also 1included detalled operating instructions for the AN/PDR-5,
AN/PDR-8B, AN/PDR-T1B, IM-3/PD; general information; range and controls; oper-

ating procedures; calibratlon and checking procedures: and security procedures.
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Each ship and alir unit underwent some basic training before arriving in the
PPG. However., the level of training varied from one organization to another.

pPatrol Squadron 931 (vP-931) had 24 officers and 18 enlisted men trained
in radsafe schools at San Diego, Treasure Island, and Pearl Harbor. This train-
ing provided. in most cases, two trained officers and one trained enlisted man
(the designated monltor) in each crew, and two ground monitoring and decontam-
inatlon teams. These men constituted a nucleus for training within the squadron
through lectures, demonstrations, and operational use of equipment. The com-
manding officer of VP-931 added that 1t would be desirable in future operations
to have at least one AN/PDR-8B, one AN/PDR-T1B, and three pocket dosimeters
assigned to the squadron for training purposes (Reference 40).

The commanding offlcers of USS Walker (DDE-517) and USS Sproston (DDE-577)
(TU 3.3.4) complained of receiving little basic tralning to prepare thelr crews
for participation in GREENHOUSE. Both ships had been recommlissioned 1n Septem-
ber 1950 from the reserve fleet and were manned largely with crews of recalled
reservists. The commanding offlicers generally considered both radiological and
general preoperatlional training lnadequate and that a paucity of tralning aids
and materials existed. They recommended that ships participating in future
operations be deslgnated in sufficlent time to allow for preoperational train-
ing, especlally 1n fleet schools. They maintained that radlolegical training
alds, equipment, and 1information should have been made avallable (Reference
41).,

Iin contrast to Walker and Sproston., Curtiss reported extensive radsafe
training. Before arriving at Enewetak. 32 men attended and satisfactorily com-
pleted the 5-day practical radsafe course at the Fleet Training Center, San
Diego., cCalifornia. In addition, one officer on board was a graduate of the
6-week radsafe course at the Damage Control Training Center, San Francisco,
Californla. Tralning was also conducted at Enewetak. Training 1ir. radsafe and
defense technliques was Integrated into the ship's regular damage control
organizatlon. The tralning program Included exercises at battle stations at
least once weekly. This permitted rehearsals of individual damage control prob-
lems Dby each repalr party. with radlological defense drills and technlques
comprising an important part. All members of the damage control repalr partiles
were Instructed in the use of radiac equipment aboard ship to detect radiologi-
cal hazards, use of various decontamination processes, establishment of 1sodose
ilnes, use of change stations, and personnel decontamination. Aside from the
speclalized instruction of the damage repalr partles, general indoctrinatlon
lectures were glven to all hands on the following subjects:

® Nature of the radiologlcal hazards

® Detecticn of radlation, including capablilitles and limita-
tions of instruments

® Decontamination techniques and procedures,

The training was tested when, during the operation, Curtlss received fall-
out. The commanding officer noted: "Due to the contaminaticn of the ships from
fallout, detectlon of the hazards became more realistic and monitors displayed
a keener interest In determining the extent and intensity of the contamination.
All handas bhecame aware of the hazard and recelved training in the actual
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decontamination of the ship. Errors 1n Radsafe methods and techniques were
discovered and corrected" (Reference 412, p. 2).

wWhile radiological defense training aboard Curtiss was generally satisfac-
tory. the commanding officer felt that insufficient time precluded an efficlent
organization to combat any radiological hazard (Reference 42).

Two members of the naval complement and two members of the ship's crew of
the Military Sea Transportation Service (MSTS) ship. USNS Sgt. Charles E. Mower
(T-AP-186), took indoctrination courses in radiological safety before arrival
at the forward area. The Executive Officer (Military) participated in an indoc-
trination course at Treasure Island, and the medical officer took an indoctri -
natlion course at Edgewood, Maryland. The second officer and the boatswailn
received indoctrinetion at San Diego. The tralning programs were described as
adequate in the theory presented but somewhat lacking in the practical appli-
catlon of shipboard monitoring and decontaminatjon. Before arriving 1in the
forward area, the Commanding Officer (Military) conducted a serles of short
orientatlion lectures for the entire crew. Once in the forward area, a brief and
practical perlod of training was given to the monitoring teams, supplemented
by drills conducted by the radsafe officer and the medical offlcer. This trailn-
ing was considered quite adequate. During the operational period, the ship's
monltoring teams gained experience in monitoring, zonlng contamlnated areas,
marking 1sodose lines, and in conducting simple decontamination procedures. No
persistent radloactivity was encountered, although Mower was Iin slight fallout
following shot DOG, and the ship was effectively decontaminated by hosing with
saltwater spray. Personnel monitoring teams gained limited experience in per-
sonnel monitoring, but effective monitoring., decontaminatlon, and disposal of
contaminated clothing ashore eliminated all personnel contamination. Showers
and sinks installed on the maln topside deck were never used. Embarking per-

sonnel were monitored for a limited perlod. but no contamination was discovered
(Reference 37).

Task Group 3.4 (Air force)

Radsafe tralning procedures for TG 3.1, TG 3.2, and TG 3.3 were not as
extensive or detailed as they were for TG 3.4. Although TG 3.1 expected to
face a certain amount of radloactive contamination, most members of TG 3.1
were sufficlently familiar with radsafe procedures that additional extended
training was not considered necessary. TG 3.4 was operationally involved 1in
shot-day activitiles, for which extensive radsafe tralning was a prerequisite.
TG 3.4 training was therefore undertaken relatively early 1in the preoperational
phase of GREENHOUSE. Indeed, the importance of TG 3.4 training was foreseen by
those who organized the task group.

on 13 March 1950, Chilef of Staff, U.S. Air Force, addressed a directive to
Commanding General., Alr Proving Ground (APG), Eglin AFB, Florida. to organlze,
man, equlp, and traln TG 3.4, Provisional, and its task units for support of
JTF 3 (Reference S5, p. 94). Specifically, he was ordered to thoroughly indoc-
trinate all personnel in radsafe matters. Special instruction, including knowl-
edge 1n and proper use of radsafe I1nstruments, equipment., and protective
clothing, was glven to crews charged with handling and washing down contaml -
nated alccraft. Persornel designated as alirborne radsafe monitors in manned
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alrcraft and monitors charged with supervising and handling ~ontaminated air-
craft on the ground were requlired to complete a formal course of instruction
at a radsafe school (Reference 30).

A CTG 3.4 directive placed responsibility upon task unit commanders for
training essentlal to success of the operational missicn. Training was to be
directly supervised by the parent command during the initial phase., and di-
rectly supervised by CTG 3.4 during the operational phase. Emphasis was placed
on dissemination of proper instructlions relating to atomic energy information,
radiological safety, security. and personal hyglene. The task group commander
and his staff frequently visited task units to determine the degree of readi-
ness and tralning for the operational role.

Experimental Alrcraft Unit (TU 3.4.2) training was conducted to ensure its
capabllity to deploy 17 drone B-17s, 15 controller B-17s, 5 drone T-33s, and 5
controller T-33s: to man and operate one B-17 radiac ailrcraft for Project 5.2;
and to assume operational control of one B-47, two B-50Ds, and two B-50As of
TD 3.4.2.1 at Kwajalein. TU 3.4.2 also assumed operational control of one B-50D
alrcraft for the Air Force 3Speclial Weapons Center. performed organizational
maintenance., conducted radlological decontamination operations on unit aircraft
as required. and operated a radlological decontamination center for ali unlts
of TG 3.4 located on Enewetak Island (Reference S, p. 97).

After each field exercise at Eglin AFB, radsafe measures were tested by
the radsafe personnel assigned to the unit. BRefore takeoff, airborne monitors
plotted alr radex areas, briefed alrcrews. and 1ssued articles that simulated
radsafe devices. All manned aircraft and crews were monitored immedlately after
landing, and drone recovery crews removed the simulated contamlinated planes
from the runway. Also., personnel decontamination was practiced by all aircraft
crews at Eglin auxillary fleld. who passed through a decontamlnation center
set up for instruction in this portion of the mission (Reference 5, p. 99).

The Weather Reconnaissance Unit (TU 3.4.4) conducted basic training at
Tinker AFB to ensure 1ts capabllity to deploy 12 B-29s for weather reconnals-
sance misslions within a radius of 1,200 nmi (2,224 km) of Enewetak. The unit
was also trailned for radloactive-cloud-tracking and -sampling missions in con-
Junction with an Alr Force experimental program, and for the TG 3.4 radsafe
program at Kwajalein. Training conformed to Military Air Transport Service
(MATS) and Air Weather Service (AWS) standard directives and procedures for
weather reconnaissance squadrons (Reference 5, p. 100).

SAFETY CRITERIA

Commander Jolint Task Force 3 disseminated operational rules for radiologl-
cal situations as an annex to JTF 3 Fileld Order No. 2-50. Each task group sup-
plemented the annex with its own orders or plans.

Radtaticn Exposure Mcasurement Units

Radiation measurement units were the roentgen (R) and the rem. The roent-
gen, a measure of radlation in air. denotes an exposure intensity. The rem ls
a unit of radiation dose, i.e.. a measure of radiation enerqgy deposited within
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the body that takes into account its capability to cause an effect in human
tissue, Both units can be written as fractions. For example, a milliroentger
(mR) is 1/1,000th of a roentgen. For radiation such as X-rays and gamma rays,
the rem dose is somewhat less than the roentgen exposure, for not all of the
energy measurable in air penetrates body tissue. Another unit often used in
discussing radiation dose is the rad. The rad is a measure of radiation energy
deposited in any material. For biological tissue, a rad cf radiation scch as
from gamma- or X-rays essentially equals a rem,

At the time of GREENHOUSE series the distinction was usually not made be-
tween exposure (properly expressed in units of roentgens} and absorbed dose
(properly expressed in units of rem, although at the time often exprsssed in
roentgens). Presumably external whole-body exposure and absorbed dose were
assumed equivalent. This report expresses the measured data in roentgens. Al-
though the original references often referred to dose, there is no evidence
that whole-kody energy deposition was determined, nor that dose was indeed
measured.

In this report all measurements of exposure intensity are given in roentgen
per hour (R/hr) whole units and decimal fractions. This is not the common way
these are reported in the source literature. Lower exposure intensities are
usually reported in milliroentgens per hour and the higher exposure intensities
in roentgens per hour. Some rate-measuring devices could measure both lower
and higher intensities with different dial settings. Personncl reco:ds show
the same sort of differentiation. Lower individual exposures are usually re-
corded in milliroentgens, but the larger allowed or permitted exposures are
given in roentgens. This use of different measuring units for different levels
of radiation could cause gome confusion to readers who are unfamiliar with the
field. Therefore, the whole unit convention was adopted for this report.

Radiological Safety Standards

In accordance with safety criteria established by CJTF 3, a maximum per-
missible exposure level was set, Maximum Permissible Exposure (MPE) for Opera-
tion GREENHOUSE was 0.1 R/day (0.7 R/wk), not to exceed a total of 3.9 R for
13 weeks., CJTP 3 could authorize a total exposure of up to 3 R on any one day
in specific cases. When this authorization was made, exposed individuals were
to be prohibited from further exposure to more than 0.1 R/day during the re-
mainder of the operation (Reference 43, p. 2).

In all cases, exposure records of personnel working in radioactive areas
were scrutinized after each day's operations, and persons who approached or
exceeded established tolerance levels were so informed and cautioned not to
enter radioactive areas for prescribed lengths of time (Reference 38, p. 25).

Por GREENHOUSE a "radiation area” was defined as any area where the level
of radioactivity consistently exceeded 0.005 R per 24 hours. In addition, all
radiation areas were routinely monitored at intervals prescribed by the com-
manding officer on recommendation of the radsafe staft.

Before arrival at Enewetak, each person who was to work in areas containing
radiocactivity or to work with radioactive materials was to have a complete
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radiological physical examination. Enewetak, Parry., and Japtan islands were
not considered to be areas that would contain radiocactivity. The examinations
included chest X-rays. blood counts, and urinalysis. Reports of the examina-
tions were referred to the radsafe office for review before ar 1individual's
departure from the United States (Reference 44).

Because of the duty and Jlocations most Navy personnel were expected to
have ro, or at most a small, potentlal for radiological exposure, BuMed stated
(Reference 45) that before assignment at Enewetak, speclal examinations and
the use of film badges were to be wailved for any individual assigned to duty
irn areas of low-level radiocactivity. where

- - . under normal! working conditions . . . the individual
wlll not recelilve &n cxposure of external r« ilation of more
than 100 milliroentgens per week (beta and/or gamma) provided:

a. Prilor to thls asslgnment, the individual was not engaged
in work i1nvolving routine exposure to jonizing radilation
(working with radiocactive materlals or 1n radiation
flelds).

b. The individual has not received radiation therapy.
The Tour of Duty in such area will not exceed one year.

d. There are no 1nternal radiation hazards present in the
area assigned.

Radiation Exposure Walvers

CJTF 3 recegnizal that instances could arise in a field test in which the
MPE would likely neecd to be exceeded. Provisinn was made for CJTF 3 to author-
ize exceeding the MPE when It was determined that successful completion of the
operation required a departure from normally acceptable safety standards.
Groups for which MPE walvers were 1ssued most frequently were sclentific per-
sonnc]l and TG 3.4 alrcraft crews (Reference 46, p. 1).

A revislon to Fleld Order Number 2 provided that the MpPE (0.7 R/wK) was
applicable f~r a field experimental test of nuclear weapons in peacetime. The
standards were recognlzed as not usable In war or in tactical situations. The
field order also provided that If an air-see rescue occurred within the lagoon
following detenation, a radiation monltor from TG 3.1 would accompany the res-
cue craft (Reference 29, Change Nc. 2).

On 29 March 1651. the commanding officer of the Alr Weather Reconnalssance
task unit (TU 3.4.4) requested that CTG 3.1 permit personnel 1n Program 7 (Long
Range Detection), to accumulate a total exjosure of 3.0 R in any one 24-hour
period. Personnel recelving exposures In excess of 3.0 R were to be restricted
to an exposure of (0.1 R/day for the remalnder of the program (Reference A46).
Permlsslion to exceed 3.0 R for thls program (specifically for B-50A crews) was
granted on 7 May (Reference 47).

Two other walvers were granted to CTG 3.1 for personnel assoclated with

Programs 5 and 6 (Radiatlior Instrument Evaluation, and Physical Tests and
Measurements). A total of 22 persons, including 7 from TG 3.4. were authorized
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an exposure of 1.5 R on shots EASY and GEORGE. These two walver request letters
indicated that the MPE normally was 0.7 R per week (Reference 48). Walvers of
the 0.7 R limlt were also requested durlng the GEORGE test for the Strategic
Alr Command (SAC) photo crews.

As the serles progressed, 1t was recognized that expressing dally maximum
exposure could cause some confusion. It was concluded that for future opera-
tions only an average weekly maximum should be cited rather than a daily limit.
This was a direct result of some confuslon on the part of the boat pool com-
mander following shot DOG. He took 0.1 R/day as the limit rather than the 0.7
R/week. On the day followlng DOG, most of his men had rteceived exposures 1in
excess of 0.1 R/day. and he refused to permit these men to go out on the boats,
effectlvely tying up &all boat traffic for that day (Reference 49, pp. B-il and
B-12).

Another recommendation made was to raise the one-time exposure of 3.0 R.
Many felt that 1t was too low. CTG 3.3, for example, stated that the one-time
limit could easily be changed to 10 R with no serious health risks (Reference
49, pp B-15 and B-16).

RAGIOLOGICAL SAFETY MONITORING AND INSTRUMENTATION

A varlety of radlac devices were used. Table 7 identifies these instruments
and indicates the numbers avallable.

Two different types of Gelger-Mueller (GM) field survey instruments were
supplied to TU 3.1.5: 75 Victoreen 263B beta-gamma survey meters and 35
El-Tronics SGM-18A beta-gamma meters. TU 3.1.5 also serviced other units' GM
devices ircluding the AN/PDR-8B.

An electronic repalr shop aboard Curtiss was the primary facllity for the
repalr and calibration of TG 3.3 radlac equipment in the Enewetak area. When
demands overloaded Curtiss' repalr shop., a TU 3.1.5 repair facllity on Parry
Island was used. Emergency radlac repalr and calibratlon facilitles for TG 3.3
and TG 3.4 elements on Kwajaleln were avallable through TU 3.4.4.

Alccraft operating within 20 nm! (37 km) of the detonatlion or detecting or
tracking the radloactive cloud were requlired to carry a monitor (Reference 27,
p. 16). These included all manned B-17 alrcraft, all wB-29s, both radiac air-
craft (B-17 and P2V). both B-50As, both B-50Ds, one C-47, both SB-l7s, and
both SA-16s. The monltor issued film badges to all crewmembers, mconitored the
radiation environment in flight, placed the crew on 100-percent oxygen when
radiation was encountered, and 1ssued rubber gloves, dosimeters, and respira-
ters to C-1 filiter box operators.* The monitor normally operated the B/31
bottle-filling equipment on those WB-29s so equlipped (Reference 52, Incl. 3).*

* The C-1 filter system was composed of two rectangular boxes mounted on each
side of a B-29. Each box contalned two filters that could be charged in
flight.

T The B/31 system consisted of J-5 oxygen bottles that were filled to 265 psi
(1,827 kPa) with air iIn the vicinity of the radioactive cloud.
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Table 7. Radiac equipment used during GREENHQUSE.

ID No. or No.
Manufacturer Type/Range Availlable

AN/PDR-5A Geiger-Mueller survey meter, beta-gamma,

0.020 R/hr -
AN/PDR-8B Geiger-Mueller survey meter, beta-gamma,

0.005 R/hr maximum 18
AN/PDR-274 Geiger-Mueller survey meter a
AN/PDR-T1b Ion chamber survey meter, gamma, 0 to 50 R/hr 60b
IM3/PD Ion chamber survey meter, gamma --
IM4/PD Ion chamber survey meter, alpha -
IM50A/PD Pocket dosimeter, 0 to 0.2 R 29
K-135 Radiac detector charger 2
PP-354C/PD Dosimeter charger 4
Beckman Dosimeter charger 8
Beckman Pocket dosimeter, 0 to 0.2 R 100
E1-Tronics SGM-18A  Geiger-Mueller survey meter, beta-gamma 35
Keleket Dosimeter charger 125
Keleket Pocket dosimeter, 0 to 10 R 200
Keleket Pocket dosimeter, 0 to 50 R 144
Kelley-Koett Pocket dosimeter, 0 to 0.2 R 100
Victoreen 2638 Geiger-Mueller survery meter, beta-gamma,

0 to 0.020 R/hr 15
Victoreen 247A Ion chamber field survey meter 417
Victoreen 247C Ion chamber field survey meter 40
Victoreen 247H Ion chamber field survey meter 10
Victoreen Minometer charger-reader 4
Victoreen Pocket dosimeter, O to 100 R 200
Victoreen Pocket dosimeter, 0 to 200 R 25
Notes:

d5ome received late in GREENHOUSE.
bBecause of a battery shortage, only 10 usable for shot DOG (Reference 38,

p. 4).

Sources: Reference 50, Encl. 1; Reference 51, Part I; Reference 38, p. 35;
Reference 43, p. 2.
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He also monitored the crew and their equipment upon landing to determine 1(f
decontamination was necessary (Reference 53, p. 2). Instruments on board each
alrcraft varied with the mission. For example, the WB-29 assigned to fly under
the radiocactive cloud and collect fallout samples had two AN/PDR-T1Bs, one
Victoreen 263B, two 0 to 0.2 R dosimeters, one 0 to 10 R dosimeter. and one
PP-354C/PD dosimeter charger in addition to film badges for all crewmembers
(Reference 54, Part II).

The Alr Force had the followling radlac equipment on hand before the first
shot: 18 AN/PDR-8B radjac meters, 18 AN/PDR-T1B radiac training sets (gamma
survey meters), 3 Victoreen model 638B beta-gamma survey meters., 29 IM-50A/PD
pocket dosimeters (range 0 to 0.2 R), 17 pocket dosimeters (range 0 to 10 R),
4 PP-354C/PD radiac detector chargers, 2 model K-135 radiac detector chargers,
300 film badges, 15 dustproof respirators. 8 X-ray techniclan gloves, 45 4.2-
neutral density goggles, 12 clear-lens goggles., 225 pairs of rubber gloves and
rubberized bootles, and mlscellaneous clothing.

As a result of shot DOG, TU 3.4.4 reached some conclusions about the
radsafe equipment. AN/PPR-8Bs were deemed 1nappropriate for ailr monitoring
because beta radiation in excess of 0.005 R/hr ran the instrument off-scale.
The radiac training set AN/PDR-T1B chamber had to be vented wlth a 1/8-inch
(C.05 cm) hole for use at varlous altitudes. Venting did not harm the irnstru-
ment, but 1lnexplicably caused it to read more accurately. The Victoreen bheta-
gamma survey meter, model 263B, was considered more suitable for the work being
carried on than the AN/PDR-8B because of 1ts 0.020-R/hr beta-gamma range. Be-
cause there were only two operable Victoreen meters on hand, all the demands
placed for them could not be met.

TG 3.4 discovered that the IM-50A/PD pocket dosimeter (0 to 0.2 R range)
sometimes gave alrcraft decontamlnatilon crews Iinconsistent results. Because of
this, fi1lm badges were 1i1ssued to decontamination crewmembers as an additional
precaution. In contrast, the 0 to 10 R pocket dosimeter appeared to work sat-
isfactorily. However, ailrcraft generally encountered few high-intensity read-
ings. In spite of 1ts inconsistency, the IM-50A/PD dosimeter appeared adequate
for most tasks. The PP-354C/PD radliac detector charger, while slightly unwleldy
at times, was generally considered very practical. The mcdel K-135%5 radlac de-
tector charger was sultable for charging pocket dosimeters, but was larger than
the PP-354C/PD and could not conveniently be carried around by alr or ground
menitors.

Aircraft decontamination operatlons required extensive monitoring. Alrcraft
were monitored when they first returned from their misslions to determine if
they were contaminated and to what general extent. Those contaminated were
then glven more detailed monitoring checks before, during, and after decontam-
ination operations. Ground monitors working with aiccraft usually used the AN/
PDR-T1B for the initlal, detaliled contamination surveys and used the Victoreen
263B (GM type) for postdecontamination survey work since it was more sensitive
(Reference 52, Incl. 1). Each ajrcraft had specified locations that were monl-
tored for radlation. An example for the drone B-17 is shown in Figure 12.

Personnel decontamination operations also required extensive monitoring
with radiac esquipment. Two personnel decontamination stations were operated by
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Figure 13, GREENHQOUSE drone B-17 aircraft decontamination monitor points.

TG 3.4, one at Enewetak and one at Kwajalein. In addition to monitoring 1indi-
viduals before, during, and after they were processed through these facllities,
monitors checked clothing and equipment to determlne whether it was contami-
nated. Th: AN/PDR-T1B. AN/PDR-27A, AN/PDR-8B, AN/PDR-5A, and Victoreen 263B
were availlable for this monitoring (Reference 50, Part I).

Rad‘ation on personnel and equlipment was measured with a slde-window type
Gelger counter. These Iinstruments were used with their shield open to permit
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detectlion of beta radiation, holding the surface of the probe from 1 to 6
inches (2.5 to 15 cm) from the item in question. This caused the mica window
on some probes to become contaminated. Thus, the equipment calibration and
repalr service had to decontaminate the radiac instruments. They had varled
success in this effort.

Generally, TG 3.4 found the AN/PDR-T1B ion chamber 1instrument to be the
most useful for 1ts activities. It had a good range (0 to 50 R/hr), and was
described as reliable and superior to the other types of Iinstruments. The
AN/PDR-8B was of little use as 1ts highest beta reading was only 0.005 R/hr.
The AN/PDR-5A instruments (0 to 0.020 R/hr) were useful for personnel monitor-
ing since they monltored a higher range of beta-gamma, but they required ex-
cessive maintenance. The AN/PDR-27A 1nstruments were recelved late in the
program and could not be properly evaluated. The Victoreen 263Bs gave rellable
measurements and were well-received by the monitors (Reference 51, Incl. 1).

Of the pocket dosimeters, the 0.200-R range instruments were more reliable
than those used at SANDSTONE. These were calibrated against a radium reference
source. Of the 200 pocket dosimeters, however, 24 were eventually set aside
because of excessive charge leakage across thelr electrodes. Both callbration
and leakage changed with time as the dosimeters were used, and considerable
differences were noted in readings of fillm badges and doslmeters used by monl-
tors In the fleld. These may have been caused by a variety of factors, includ-
ing defective films, energy dependence, or a monitor's technique. When compared
against a radium source, the results were within normal l1imits of accuracy.
Other dosimeters were plagued with calibration and leakage problems (Reference
38. pp. 33 and 35).

FILM BADGES

Exposure records were kept carefully for all JTF 3 personnel who were
issued film badges based upon the possibility of exposure to radiation. The
permanent record of such exposure for Operatior GREENHOUSE was the photographic
fi1lm badge. Its lmportance for plannlng purposes of future test operations and
as documentation that might be used 1in possible litigation was recognized
(Reference 49). The 15,000 film badges requested were recelved on schedule.
Upon calibration. however, the film packs were found to leak light around the
perforaticns that formed the ldentifying numbers of the badges. Thls was over -
come by wrapping the film badges in black photographic masking tape. Because
large quantities of the tape were required, shortages developed, necessitating
speclial air shipments from the United States (Reference 38, p. 33).

The film badge used at GREENHOUSE was a DuPont 5%3 fllm pack with a range
of 0.1 to 250 R. It had two constltuent parts: the 502 film, which was sens)-
tive between 0.1 R and 10 R, and the 606 film, which was sensitive between 10
and 250 R. Film badges were stored in refrigerators (Reference 55) and were
issued by TU 3.1.5. They were processed in the Radsafe Building at Parry
Island. The TG 3.1 Radsafe Laboratory did all processing and recording and
task group commanders recelved coples of the exposure records, although not
always expedltiously.

CTU 3.4.4, based at Kwajalein, complalned about the radsafe monitoring of
his aircrews. Film badges from shots DOG and EASY were forwarded from Kwalaleln




to the Parry Island Radsafe Center vla Enewetak Island. He stated, "As far as
this unit 1is concerned, the film badge service provided this unit has been
worthless, since no data has been recelved to date."” He was particularly con-
cerned because pocket dosimeters had ylelded inconsistent data. Since CTU 3.4.4
had no 1idea as to the correlation between film badges and pocket dosimeter
data, he was unaware whether crewmembers had exceeded their maximum allowable
exposure during the operation (Reference 56, Incl. V).

In response, the TG 3.4 Radsafe Officer stated (Reference 57):

The processing of film badges 1s accomplished by Task Unit
3.1.5 for the primary purpose of complling permanent records
of exposure of all personnel assigned to Joint Task Force 3.
The policy established by Joint Task Force 3 1is that only
those personnel recelving exposures exceeding the authorilzed
tolerance dosages will be advised of such exposure. Since no
reports have been received from JTF-3, 1t may be assumed that

none of TU 3.4.4 personnel have exceeded their tolerance
dosages. "

Two methods of film badging were used. The first was area badging, which
involved placing film badges in key lilving and working areas to provide cover-
age. Some examples of thls Include the film badges placed outside of Buillding
69 following shot DOG and the placement of various film badges aboard ship.
The second method was personnel badging. Fllm badges were 1lssued only to per-
sons engaged 1In recovery operations on shot 1islands or in aerial sampling and
alrcraft decontamination, and on a representative basils in TG 3.3.

Some types of activitles requlred badging each member of a group. For exam-
ple, film badges were worn by all crewmembers of the boat pool (TU 3.3.3) on
shot days because they transported scientific experiment recovery parties to
the shot islands immediately after detonation.

Badges were 1ssued at the Radsafe Center at Parry Island or Kwajaleiln (for
TU 3.4.4) to partles entering radex areas., or at least this was the intent.
While most members of parties entering radex areas were badged, a cross-check
of badged personnel and names of personnel assigned to experiments and inter-

views with a participant (Reference 127) indicate that some personnel entering
these areas were not badged.

PERSONNEL EXPOSURE RECORDS

All fi1lm badge processing and maintenance of exposure records for all per-
sonnel was done by TU 3.1.5. Personnel Contamination-Decontamination Report
Forms (441) were kept for personnel, particularly those of the boat pool and
other Navy units. This form included the 1individual's name. location and time
when contaminated, the Iintensity (beta and gamma) on his clothing and body,
his fi1lm badge (and pocket dosimeter reading 1f avallable) accumulated expo-
sure, and the methoa by which he was decontaminated.

In addition to this form., a Materlal Contamination-Decontamination Report
Form (442) was developed. This was used when ships or other craft were exposed
to radioactlvity. It gave the ship's location when 1t received contamination,
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the distance from and type of detonation. the time the survey began, amount of
time required to decontaminate the vessel, means and effectiveness of decon-
tamination, and intensity of the contamination on vessel surface areas, and
was accompanied by an exposed area monitoring sheet.

Fllm badge data, including that of special mission badges worn by personnel
entering a radioactive area or handling radiocactive material, were transferred
to 5- x 8-inch cards for each individual. The form had two columns. one for
film badges and another for pocket dosimeters. Each column had headings of
date (presumably of return), badge (or dosimeter) number, reading in milli-
roentgens, and accumulated exposure. At the bottom of the card was the partic-
ipant's name. The person's organization was also usually given, but for some
no organization assignment is noted.

In all cases, e<exposure records of personnel working 1n radiatlon areas
were scrutinized after each day's operation, and those who approached or ex-
ceeded established tolerance levels were so informed and cautioned not to en-
ter radiation areas for prescribed lengths of time. In general, cooperation of
test personnel with radsafe iInstructions was excellent (Reference 38, p. 25).
A notable exception was the problem between CTU 3.4.4 and the TG 3.4 Radsafe
Officer previously discussed.

hpparently no single list, or group of related lists, summarizing andg con-
solidating information from all 5x8 cards was made by the task force, or at
least such a list has not been discovered. In later nuclear test serles in the
Pacilfic, task forces were directed to complle such a list (or related lists)
in their operations orders, and the resulting Consolidated List of Exposures
for each of the subsequent test series can be found in archives.

A list consolidating the exposure information for LASL perscnnel in TG 3.1
was compliled and 1s located in the flles of the Los Alamos National Laboratory
(Reference 58). In this flille also are lists covering personnel from the Naval
Radlological Defense Laboratory (NRDL) and the Naval Research Laboratory (NRL)
who participated in TG 3.1. These lists are apparently based on information
recorded on edge-punched cards. The cards record individual 1identification in-
formation including task force affiliatlion, business and home addresses, next-
of-kin, and date of required pre-GREENHOUSE physical examination. Added to
these cards were dates that each person was at Enewetak and the total exposure
recorded by his film badges.

This file of edge-punched cards has been microfilmed along with the 5x8
cards by the Reynolds Electrical & Englneering Co., Inc. (REECc), the contrac-
tor that operates the Nevada Test Site for the Department of Energy (Reference
56).

A list of GREENHOUSE exposures for all badged GREENHOUSE particlpants does
exist (Reference 60), but this i1s based on the total badge accumulation on the
5x8 cards and additicnal amounts assessed for “fallout." This 11st was recon-
structed some 17 years after the series by REECo, working with the Alr Force
with Tunds supplield to the AEC by the Defense Atomic Support Agency (now the
Defense Nuclear Agency).
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The magnitudes of the assessments were based only on fallout received at
Parry Island and d4id not take into consideration the actual location of a per-
son's duties. For some records, fallout computation did not consider the actual
length of a person's stay in the Pacific Proving Ground. Therefore, that 1list
is no longer considered useful.

Fallout assessments were made for 1,690 Navy personnel serving on the ships
at Enewetak, and these were entered on their medical records in 1951. These
assessments were probably made using representative badging and knrnowledge of

particular personnel assignments and are useful as estimates for fallout expo-
sure for those ships.

The contribution to personnel exposures from GREENHOUSE fallout and esti-
mates of its magnitude are discussed in Chapter 10.

PRE-EVENT SAFETY MEASURES

Hazard Zones

A security zone (Danger Area) was established around Enewetak before GREEN-
HOUSE. It was 200 by 150 nmi (371 by 278 km), bounded by coordinates 160°30'E
to 163°55'E and 10915'N to 12945'N, and is shown in Figure 14 (Reference
49). The area was patrolled by aircraft and two destroyers to direct unauthor-
ized vessels. Two unauthorized vessels entered the Danger Area during GREEN-
Kuroshio Maru was sighted on 5 April and escorted from the area. Eugenia M.

Moran was sighted on 27 April and was escor.ed from the area by Sproston (Ref-
erence 61).

VP-931 flew day and night reconnaissance patrols over the Enewetak Danger
Area, covering a radius of 100 nmi (185 km) from Enewetak. Immediately preced-
ing and following a shot, additional flights were made to increase coverage of
the area (Reference 16, p. 4). Three search planes were emploved, all centered
on a point approximately equidistant from the varicus test sites. An outer
search pattern (Able) was flown about a square 200 nmi (371 km) on a side. An
intermediate search pattern (Baker) followed an octagonal track 66 nmi (122 km)
on each leg at a mean distance of 84 nmi (156 km) from its center., An inner
search pattern (Charlie) comprising paraliel sweeps 10 nmi (18.5 km) apart and
covering a square area 90 nmi (167 km) on a side, had two forms, sweeps running
north-south and east-west. During periods between tests, one Able patrol plus
either a Baker or a Charlie patrol were flown every 24 hours by search units
consisting of a single aircraft. Beginning 5 days before each test, the patrols
were gradually drawn in and search units were increased to two-aircraft teams.
From 24 hours before until 10 hours after each test, only Charlie patterns
were flown, At the end of this critical period, patrols were progressively ex-
panded and single-aircraft searches resumed (Reference 16, p. A-7), Surface
patrols were also conducted immediately preceding and following shots. The
aerial search patterns and the surface patrol area is shown in Figure 15.

fallout Prediction

CTG 3.1 was responsible for plotting surface radex areas and issuing in-
structions to operating agencies of JTF 3, while CTG 3.4 plotted air radex
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-, areas and issued Inscructions to all ailrcraft operating in the vicinity. Fall-
& out predictions were based on weather observations and results of previous
. operations. including information from recently completed Nevada operations.

Two types of analyses of wind-weather data were used }n preparing the fall-
out predictions: hodographs and trajectory forecasts of the paths of particles
- falling from a given altitude through the various wind layers.

A hodograph is a dlagram representing the projection on the Earth's surface

. of the path of a wind-sounding ballcoon risirg in the atmosphere at a constant

ﬁ_ rate. The projection polnts on the surface represent the locations where the

' particles would land 1f they had originated over surface zero at a given
altitude.

L~ Maps of the paths that particles at a given altitude would take due to
y winds were known as particle trajectory forecasts. Cloud trajectory forecasts
were developed from these using Alr Force metecrological data, and the model
R assumed tha. particles descended at a constant veloclty without turbulence.
Fallout particles were assumed to originate from various altitudes over surface
- zero, and the particles were assumed to drop with varying velocities. Using
- these assumptions., a series of points on the ground was obtained, each the

product of an assumed 1nitlal altitude, assumed fall rate, and predicted wind.
-~ These serles were formed into curves representing the path aleng which fallcout
- could occur (Reference 62, p. 17).

Sclentists at GREENHOUSE were satisfied with theilr cloud trajectory and
A fallout forecasting techniques, but the extent and location of the actual fall-
e out sometimes came as a surprise (Reference 38, pp. 6 and 11: Reference 16, p.
' B-1). The forecast rate and amount of fallout had been predicated in part on
results of previous experiments, 1including the 1951 RANGER tests 1in Nevada.
g when the results for DOG and ITEM were not as predicted. one explanation given
was that the soil type at Nevada differed sufficiently from the stabilized
coral soll at Enewetak to have significantly altered particle size, type. and
the rate of fall. Because of the unknown factors of weather and fallout mecha-
nisms, predicting times and locations of fallout was a difficult problem.

Weather Reccnnaissance, Reporting, and Prediction

Weather information was important to radsafe operations and was used to
make accurate predictions of detonation cloud movement and fallout, TG 3.4 was
assigned three weather missions. One was to establish and operate four remote
weather stations on the islands of Majuro. Kusale, Nauru. and .sikati. Another
wae cperation of a fleet of 12 WB-29s to make dally long-range weather flights
starting at D-4 of each shot. The third mission was to operate the Weather
Central at Hg JTF 3, where alr and ground radex areas were forecast before
each detonation (Reference 7, p. 1-9).

TU 3.4.5 (Weather) was responsible for manning and operating the four re-
mote stations amnd JTF 3 weather Central (Reference 7, p. 7). This task unit
was formed at Tinker AFB, Oklahoma. and departed for the Pacific on 20 December
- 1950 (Reference 3, p. 113).
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The four remote-island weather stations were occupled in early February by
TU 3.4.5 detachments. Each remote island weather detachment was authorized one
officer and elghteen airmen (Reference 63, p. 24). A permanent Navy station on
Majuro and a Coast Guard station on Blkatl assisted the detachments on these
islands 1n setting up and operating. These island detachments used balloons
(three per day) for upper air observations and monitored barometric pressure.
wind speed. and wind direction at ground level.

JTF 3 Weather Central was mannhed by 12 officers and 18 enlisted men. Six
officers and 12 enlisted men were from the Navy: the remainder were Air Force
personnel from TU 3.4.5. There were two radex area plotting units, one with 12
personnel located with Weather Central at Enewetak and cone located at Kwaja-
lein. These two units were staffed by personnel from TU 3.4.5 (Reference 64,
App. 14). Alr and ground radex area plots predicting the movement of the cloud
and accompanylng fallout were made before H-hour. After H-hour. new plots were
made at H+6 minutes, H+l, and H+6. Alr radex areas were also plotted by alti-
tude (Reference 27, p. 19). Weather Central had a full complement of communi-
catlons equipment for collecting data. 1including radlo, radioteletype, and
facsimile recelvers. Data were recelved from Tokyo: Townsville (Australia):
Guam, F1j)1, Wake, Ponape, Truk, and Yap lslands; Washington, D.C.: and Hawall
(Reference 5, p. 7: Reference 29, Annex E). Tokyo, Washington., and Honolulu
data included farcsimile weather maps.

One of the Weather Central's more critical functions was weather briefings
for interested JTF 3 organlizations. These organizations included JTF 3 Radsafe,
™G 3.1, TG 3.3, TG 3.4, TU 3.4.2, and the JTF 3 Staff Weather Officer (Refer-
ence 64, p. 1ll). Charts plotted and analyzed daily included (Reference 66, p.
I1):

e Surface weather maps (2 per day)

e 7J00-mB (0.7 MPa) constant pressute charts (2 per day)
e Logs of 3-hourly surface weather at 18 stations

e Upper wind tabulations for 6 stations

e Wind-time sectlon graphs for 4 stations

e Upper alr soundlings for 4 statlons.

The weather Reconnalssance Unit, TU 3.4.4 supported Weather Central with
WB-29 flights to obtain current local weather information. Most of the unit
left Tinker AFB, Oklahoma, on 3 February 1951 and arrived at Kwajalein on
9 February with alrcraft, men. and equipment. The remainder arrived on 21 Feb-
ruary (Reference 21, p. 6). By |l March the unit was flying daily misslions on
predeslignated routes called "gooney tracks." Eleven separate tracks averaged
1.500 to 2,000 nmi{ (2.780 to 3,706 km) each. Normally, Charlie track and George
track were flown dally to the northeast and northwest. respectively. Most
tracks were triangular; however. a few were rectangular. The average flight
time for a track was 12 hours., Nortmally. on each titack one ANAMT-3 1adliosonde
was dropped to obtaln weather data at lower altitudes. The unit flew 158 wea-
ther misslions during GREENHOUSE:; 7 in February. 48 in March, 56 in April. ar
47 1in May 1951 (Reference 67. Incl. 2). In additicn to weather misslions., 1t
flew radiocactive cloud tracking and sampling missions. Other aerial weather
observations were obtained from TG 3.3's patrol squadron (VP-931).
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Waather Information allowed delineation of radex areas. Radex areas were
determined by both TU 3.1.5 (surface radex) and TU 3.4.4 (alr radex). Radex
are:s were usually defined as locatlions where significant fallout would occur
within 6 hours after detonation.

wWeather information was also valuvable for other command-level decisions
concerning the tests., Minimum cloud cover was deslrable for the important
photographic projects, and predictions of heavy cloud cover did cause shot
postponements. Last-minute postponements were undesirable. One experimental
program used small animals as test subljects. They were transported from Japtan
to the shot 1slands anesthetized so they would remain motlonless Juring the
detonation. To return the animals because of a needless detonation delay could
have resulted in thelr loss. Hence, accurate forecasts were lmportant (Refer-
ence 5, p. 6).

Command Briefings

The decision to conduct a test shot was made durlng a series of command
briefings beginning at H-30. Fallout exposure evaiuation was critical to the
shot/no-shot decisions. Evaluatlons were presented by a senlor representative
of the Radsafe Office. The radsafe briefing included:

¢ Forecast winds for H-hour. hodographs, and resultant wind
dlagrams. For each briefing, hodographs were constructed
with the latest wind information at different altitudes 1in
order to show the development of the wind pattern.

e Surface radex areas and_long-range fallout plots. The sur-
face radex area was drawn using the hodograph to forecast
H-hour winds. A long-range (24-hour) fallout plot also was
drawn to show its locatlion relative to Inhablzed atolls
and was presented in conjunction with the surface radex
area.

e Seventy-two hour ailrborne particle trajectory _forecast.
The airborne particle trajectory forecast was used to
evaluate contamination on alr routes and to extend the
surface radex area beyond H+6.

e Alr radex area. The ailr radex area was plotted at Kwala-
lein. primarily for the benefit of the alrcrews there.
Since the alr radex area normally did not affect the shot
declislion, 1t was not directly used at briefings unless
requested.

® Radlation hazard outlooks. Speclific potentlal problems
evaluated at each brilefing were:

- - Enewetak. The outlook was determined from the forecast
hodograph n the shot atoll.

-

-- Inhabited w.clls. Beth the shetr atoll hedsograph and the
long-range fallout plot were used to evaluate the out-

look for these atolls.
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= Alr routes through Wake and Kwajalein. The 1impact on
the alr routes was determined by the 72-hour airborne
particle trajectory forecast and by the alr radex area.
The trajectories at 10,000. 20,000, and 30,000 feet
(3.05, 6.1, and 9.14 kn) were conslidered to have the
major impact on these routes between H-hour and H+24.

-~ Surface routes inside 500 nmil (927 km), or about one
day of cloud travel. A display of all known transient
shlppling was presented in conjunctlion with the surface
radex area and the long-range faliout plot.

-~ Posltion of task force ships. Recommended positioning
of surface ships was based on the surface radex area.

- Cloud-tracking plan. The plan was reviewed as necessary
to adjust Lo changes in forecast wind patterns.

A general overall statement of favorability or unfavorability of the radsafe
shot conditions summarized and concluded the radsafe briefinj.

rRadiation Protection Modifications

Special racdlation protection measures were available to TG 3.4 cloud-
tracking aictcrews. The JTF 3 Radsafe Officer stat d that a vigorous effort
should be made to develop abdominal shielding for crewmembers, since the phys-
iolegical effects of radiation were greater in the abdomen than elsewhere. At
a meeting with the radsafe officers, doctors from the Alr Force and from the
Armed Forces Special Weapons Project (AFSWP) recommended that 50 pounds (22.7
kg) of shlelding per crewmember be used (Refetence 68). Whether the shielding
was available by the beginning of the series 1s uncertain.

Pllots flying toward the cloud were issued 4.0 neutral density goggles to
prevent temporary flashblindness. Other radsafe clothing allotments to cloud
trackers included rubber gloves, booties, and special filtering equipment. The
indlviduals who changed ‘he filters aboard were also required to weatr special
respirators. Alrcraft crewmembers were requited to breathe 100-percent oxygen
during and after sampling missicns to reduce the possibility of inhali‘ng
radioactlive particles.

In 1951, Navy ships were no: equ!pped with washdown system such as these
used 1in later test series. Instead, Navy ships participating in nuclear tests
reifed on firefighting-system hoses. Each sthip participated in an atomic de-
fense inspection at Enewetak. The 1inspection included & drill to simulate
actions to be taken I1f the ship encounterad radioactivity. [uring training
arills, inspectors uncovered some minor problems that were readily corrected.
When ships actually encountered fallout, they were prepared to handle it (Ref-
erence 42).,

washing down ships durlng fallout naturally exposed sone petsonnel to ra-
dioactivity. Personrel were required to hose down and, if necessary. sccub down
exposed sur’aces. Complete water-resistunt decontamination outfits protected
the damage countro? parties who nad %o wo:k on contaminated sections of the
ship. Deccntamination sults conslisted >f waterproof and windproof rubberized

T



cotton fabric (Navy foul weather gear). an anti-splash eyeshield, anti-splash
gauntlets, rubber gloves, rubber boots or cvershoes, a standard gas mask or
respirator, and a film badge dosimeter. When possible, hosing was done from
upwind to avoid spray drifting back on the workers (Reference 69, H).

Standard shipboard procedure when radioactivity was encountered was to
shut off all ventilation systems and close appropriate hatches to prevent the
entrance of radioactivity. Nonessentlal personnel went below to minimize the
number exposed. However, the case of USS LST-859 disclosed a problem with this
procedure. When the monltor realized that the ship was passing through radio-
active fallout, all personnel were ordered below deck and the ship sealed, but
it soon bhecame evident that the ship's interior had become contaminated from
personnel. tracking radiocactive particles. Cleaning interlor spaces was a major
problem. This problem was addressed by the commanding officer of Curtiss, who
suggested decontamination areas at entrances to the ships to prevent the spread
of fallout below deck.

CTG 3.3 recommended that ships in the future use a modified Condition Able
setup. This setup requlicres closing all windward doors and hatches during fall-
out and leaving open all interlior hatches not requirad for ordlnary safe steam-
ing. He reasoned that it was nearly impossible to close up a ship tightly for
long periods of time 1n the tropics and stilll maintain below-deck efficlency.
If enough time were avallable, gauze pads over ~ritical wventilater I1ntakes
would allow limited ventilation below decks, improving the general sliltuation,
especlally in engine rooms (Reference 16, p. B-17).

Evacuattion

Light planes (l1.-5 and L-13) were used to survey uninhabited islands of the
atoll 4 days, and again 3 days., before each scheduled shot. The islands north
of Japtan were evacuated, and all task force personnel were mustered and ac-
counted for 2 days before each shot (Reference 70, p. 8). Accountabliity for
all transient alrcraft crews was the responsibility of CTG 3.4. Accountabllity
for all other transient personnel not specifically assigned to a group was Hq
JTF 3's responsibility, On D-1, TG 3.1, as well as TG 3.2 and TG 3.3, were
gilven specific duties in evacuating all personnel from the 1slands north of
Japtan durlng the arfternoon o1 the day before the¢ shot. A second physical mus-
ter was required at 1900 on D-1. Periodic reports were to be mede to CJTF 3
during these shat preparations.

Shot times varied from predawn to midmorniny and all personnel were awak-
ened at least 1 hour before each shot. Task force ships generally remalned in
the lagoon off Enewetak and Parry for the tests. The numbher of men evacuated
from the camps in the northern 1slands was about 700 for shot GEORGE. and this
may be typlcal of the magnitude »f the normal preshot evacuation operati. s,
These men were carried to the lower 1slands or to task force ships in LCMs :nd
other small craft. JIn addition, 429 TG 3.4 personnel were evacuated by alr
from Enewetak to Kwa'lalein before shot GEORGE.

A plan for evacuatlion of the entire atoll eristed for shot GEORGE. Two
contingencies were planned four. On? presumed lim.ted fallout, requiring per-
sonnel to remain under cover unless they had essential duttes outside., The




second was for fallout sufficlently intense to require evacuation from Parry,
Japtan, and Enewetak, except for communications and radiological crews at
Erewetak. If an extreme emergency occurtred, these personnel would have a heli-
copter and a C-47 at thelir disposal for evacuation to Kwajaleiln.

Ships to be used 1n case the evacuation became uecessary and personnel
assignments are listed in Table 8.

Table 8. Joint Task fForce 3 evacuation assignments for GREENHOUSE, GEORGE.

No. of
Ship Location Unit Personnel

USS Curtiss (AV-4) Parry Headquarters 236
USS Curtiss (AV-4) Parry TG 3. 857
USS Curtiss (AV-4) Japtan TG 3.1, TG 3.2 133
USNS Sgt. Charles E. Mower (T-AF-186) Enewetak Headquarters 60
USNS $Sqt. Charles E. Mower (T-AP-186) Enewetak TG 3.1 118
USNS Sgt. Charies E. Mower (T-AP-18€) Enewetak TG 3.2 500
Uss Cabildo (LSD-16) Enewetak TG 3.2 751
USS-1.5T-859 Enewetak TG 3.4 1,172

Source: Reference 71,

POSTEVENT SAFETY MEASURES

Reentry to the shot Islands and tne upper lagoon was controlled by a sche-
dule that assumed, from experieonce at SANDSTONE and RANG%R, that radioactivity
on the shot island would be low enough to permit "qulck reconnalssance partles
landing . . . for short periods of time . . . to rescue . . . data . . . [also]
thet the surface RADEX could be lifted approximately one hour after H-hour*
(Reference 5, p. 118). After the first two shots of the series a "new procedure
was initiated . . . 1n that recovery operations wece delayed until a radlologi-
cal safety survey of the shot island was conducted" (Reference 38, p. 7). This
survey began about 1-1/2 hours after the shot.

Parry Island was the postshot control center. Both Farry and Enewetak
islands had decontamination facllities. Parties recovering sclentific data
soon after the shots operated from Navy craft in the lagoon until early radio-
loqical surveys determined that the atoll environment was safe enough to move
data -recovery operations ashore.

Entry to and exit from radloactlive areas was strictly controlled through
tadsafe chekpolnts. All personnel entering moderarely or highiy radioacrtive
areas were to be badged and accomparied by a radsafe monitor. Cumciative per -
sonnel exposure records were malntained at the checkpoints. Fach ceater main-
tained current radiolegical situation maps of the atoll s¢ the accompanying
monltor conld advise the narty leader of allowable stay -time in any area.
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Fersonnel traveling in a radiocactive area were advised to wear radsafe
protective clothing. The clothing had tight wrist and ankle closures and a
tight neck closure as well if 1t did not cover the head (Reference 72, pp. 7
and 8). The chief function of the clothing was to prevent contamlnation of the
skin, hair, and personal clothing. thus facilitating personnel decontamination.
It also prevented personnel from 1lnadvertently transporting and spreading
radloactive particles to the base islands because 1t was left at decontamina-
tion staticns. Particles less than 10 microns In size were viewed as constl -
tuting an inhalation hazard (Reference 62, p. 10). Personnel who anticipated
working in an environment that might contaln 10-micron or smaller particles
were to wear respirators to minimlze the inhalation hazard (Reference 32).

Cloud Tracking

T™wo B-S50A alrcraft operating out of Kwajalein were used to locate and
track radiocactive clouds.

The flrst B-50A tock off from Kwajalein approximately 2 hours after each
shot and located the radioactive cloud using airborne radiological detection
instruments, since 1t was no longer visible. After finding 1t, a cloverleaf
pattern was flown around the cloud. The cloud trackers headed into the radlo-
active area until the detection instruments indicated a limiting reading, after
which the cloud tracker turned and flew out of the radicactive area. The serles
of successive 1nbound and outbound headings fixed the position of the radio-
active area.

The second B-50A took off from Kwajalein approximately 24 hours after the
detonation to continue tracking the cloud. If the cloud location was not known,
its location was estimated from available meteorological information and an
expanding area search was flown. Once radloactive traces were detected, the
cloverleaf pattern was again flown. Cloud-tracking missions averaged 12 hours
(Reference 20).

As an adjunct to cloud tracking, WB-29 alrcraft were used to obtain air
samples and make air conductivity observations for 36 hours after detonatlon.
The WB-26s operated out of Kwajalein. One WB-29 orbited east of the detonatlon
polnt at 5,000 feet (1.52 km) and after the detonation tracked the radicactive
cloud and collected alr samples for 12 hours.

T™welve hcours after a detonation, two WB-29s took off from Kwalaleln and
flew a 6500-nm1 (1.112-km) north-south tract along the Kwajalein meridian at
altitudes varying from 5,000 to 30,000 feet (1.52 to 9.14 km). when the first
two WB-29s5 landed two more took off and flew the same track. thereby observing
a cloud for up to 36 hours after the detonation. These ajtcraft staged through
Enewetak for 1initial decontamination before returning to Kwajaleiln (Reference
20, p. 18).

Cloud Sampling

Cloud-sampling, sample recovery, and sample return were operations of cri-
ticel importance for radsafe operations. Sampling was undertaken to obtaln
data needed for evaluation of nuclear explosions. Both gas samples and particle
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samples were obtalned from the debris clouds. Thils cloud sampling relied heav-
1ly on unmanned, remotely controlled, drone alrcraft operatlons.

Different kinds of planes were involved in sampling activity. Eight B-17
drones were used to penetrate the radiocactive cloud to obtaln readings and to
make measurements and collect samples for the AEC. Manned wWB-29s, B-50As, and
B-50Ds tracked and sampled around the edges of the cloud in areas of relatively
light radiation.

Airborne monitors and weather observers on the manned sampler alrcraft nor-
mally were responsible for collecting various samples. Monltors were responsi-
ble for the alrcrews' radiological safety. Normal procedure during sampling
operations was for monitors to use the low scale on theilr GM counters during
the flight. This allowed detection of low levels of radlation. Feor fillter sam-
pling missions, before the aircraft reached 2,000 feet (610 meters). two air
filters were installed in the air filter device. The air filter on the right
device was removed and replaced every 10 mlnutes and attached to 1ts data
sheet. Dust-proof respirators were 1ssued to fillter device operators not
breathing l00-percent oxygen while changing filters. Contamination found on
the heads and shoulders of operators indicated that particle fallout occurred
during removal and replacement of filters. Personnel decontaminatlon is dis-
cussed below.

Monitors continued to check the crewmembers' exposure to radioactivity
while samples were being collected. Samplers were scheduled to fly for 12 hours
or until the crew's radiation exposure to radiation approached 3.0 R. At the
3.0 R level. alrcrews. regardless of the time they had been alcrborne., were
ordered to curtall thelr sampling missions and return to Kwajalein. Both sets
of air filters were removed just before the alrcraft descended to 2,000 feet
(610 meters). as the alrcraft returned toc base when the mission was over.

Sample-Recovery Techniques

Responsibility for removing and handling experimental equipment from drones
rested solely with TG 3.1. Drone samples were removed as soon as the aircraft
were parked. Removal time normally was not more than S to 10 minutes per drone.
Figure 16 shows a motorized and shlelded conveyance beilng used to remove one
of the sampling devices from under the nuse of a drone B-17. Figure 17 shows
the filter being removed from the device by personnel with long-sleeves,
gloves, and long-harndled tools. Figure 18 shows the conveyance removing a sam-
ple of gasecus radloactive debhris through a probe.

To minimlze delay in analyzing the samples, TG 3.1 personnel packaged the
samples lmmeclately after tremoval from the varjous alrcraft, and placed them
aboard waiting C-54 aircraft at Enewetak. The radiclogical section monitored
the B/31 bottles before shipment and posted intensity readings and safe dls-
tances (Reference 73). Samples were packaged to keep radiation readings below
1 R/hr., 1 foot from the container. The sample containers were placed in the
aircraft such that no personnel would be exposed to more than 0.1 R/Jday (Ref-
erence 74). Project personnel served as radsafe monitors on sample-return
flights. The iadsafe monitors' advice concerning radiological safety and safe
distances from the samples was final and binding on the courier. Further, all
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- Figure 16. Motorized, shielded conveyance used to remcve sampling debhris
beneath nose of drone B-17, GREENHOUSE.
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Figure 17. FAilter being removed from sampling device by personnel wearing

;‘:- gloves and using long-handled tongs, GREENHOUSE.
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figure 18. Removing gas sample from B-17 drcne on Enewetak during GREFNHOUSE .

passengers ahoard the ajrcraft were to be issued film badges that were sub-
nitted at the point of debarkation to a JTF 3 llaison officer. The badges were
subsequently returned to CTU 3.1.5 (Reference 75).

Courlers were Iinstructed to advise airfield commanders of the time-
sensitive nature of the samples to ensure that the short-lived radionuclides
arrived at appropriate laboratcries (NRDL, Army Chemical Center [ACC}, and
LASL) as soon as possibtile (Reference 75).

Personnel Decontamination

TG 3.1.5 organized operations to protect personnel against the effects of
radiological contamination by reducing the amounts of .udloactive material
carried 1nto nonradloactive areas. Checkpoint personnel controlled all entries

and exlts, and directed personnel leaving radlioactive areas to a decontamina-
tion center if required.

Personnel decontaminatlion areas were established on Kwajalein Atoll (Fig-
ure 19), Enewetak Island., and aboard ships. The description of the personnel
decontamination center at Kwajaleln 1is the most detalled. Located near the
aircraft runway, 1t Included an instrument storage area. "hot" clothing removal
areas, snowers, a drying room, arnd a "clean” dressing room.

Flight crews would leave the aircraft on the advice of the alrborne mont -
tor, who estimated the extent of the contamination on the plane. The crewmen
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figure 19. Personnel decontaminatien area at Kwaj)alein, GREENHOUSE.

brought with them all radiological equipment. including film badges. 1instru-
ments, and filters, which was collected. They then went to the showers where
each was monitored. Personnel with readings well above background were. decon-
taminated to background in the decontamination center and theilr clothing was
held. The showers were planned to drain away from other areas. Similarly, the
floors of any spot where conteéminated 1individuals were likely to walk were
painted to expedite removal of contaminants (Reference 76, Annex H, App. I).
Personnel with lower readings were advised to alr their clothing for 48 hours
before its reuse.

The shower facjlitles accommodated 12 men at a time, approximately 50 men
per day for up to 10 days after each detonation. If a man was contaminated,
the preferred decontamination method was showering and shampoolng. Each man
was monitored in a drying room next to the showers. If he had decontaminated
himself to a safe degree, he was glven a towel.  If he was not sufficiently
decontaminated, he returned to the showers until he was.

A partition was installed to prevent contaminated personnel from needlessly
tracking radioactlivity 1nlo the general lairine facllities. It was near the
contaminated clothing removal area, where personnel entered, had thelr clothing
monitored, and discarded the clothing in large, covered cans,

All groundcrews were required to report to the decontamination shower cen-
ter both before and after alrcraft decontamination activities. On reporting
they were issued protectlve work clothling including footwear covering (boot -
les), fatiques. caps, and rubber gloves. They used the clean dressing rsom of
the center to change into work clothing before attempting to decontaminate
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aircraft. On completion of decontamination operatlons, persohnel were monltored
on the spot. They then removed thelr protective outer clothing, gloves. and
booties and put them into covered containers. They were then remonitored and
sent to the personnel decontamlination center 1f necessary. All contaminated
personnel were monitored at the change house entrance, where they were told
the extent of thelr contamination. They were also advised of where to dispose
of clothing. Some items might require laundering, others permanent disposal.
Other items, such as shoes, might be worn without laundering after natural
decay lowered the amount of radiloactivity. After personnel were monitored
(clothed and unclothed) and personnel dosimeters were collected, they showered
until decontaminated (Reference 77, Incl. V).

Personnel Contamination-Decontamination Form 441, used when Navy personnel
were contaminated, recorded the extent of contamination on hair. armpits,
hands, feet, body., crotch, and ciothing. It alsc recorded the method and amount
of time necessairy to decontamlinate the person. If rcpeated decontamlnation

efforts were necessary, 1t explained why (such as lingering contamlnation on
hailr).

When a TG 3.4 radiological mission alrcraft landed, it was parked adjacent
to the radiologlical personnel decontamination center. The crewmembers Immed!i -
ately left the aircraft and were directed to the personnel monltoring center.
The alrcraft was quickly surveyed by the ailrcraft decontamination crew and
towed away as soon as practicable to avoid increasing the background count in
the personnel monitoring area. Personnel monitors noted that 1t was Ilmpossible
tec obtaln actual beta-plus-gamma-intensity recordings when personnel were con-
taminated 1n excess of 0.005 R/hr. beta plus gamma.

Naval Vessel Decontamination

CTG 3.3 Op Plan 1-51 (Reference 69) prescribed the standard operating pto-
cedure for ship decontamination. It stated that:

e The topside of the ship was to be wetted before unavoldable
exposure to radloactive particles in the fallout area to
minimize the decontamination effort. The 1interior of the
ship was to maintain its clean status by sealing the ship
by closing appropriate hatches and ventilation fittings.

e If the ship required decontamination, damage control par-
ties were to wear complete water-resistant decontamination
outfits. Specific hosing techniques were to be used to
control contaminated spray from hositg cperations. If pos-
sible, hesing was to be done from upwind to minimlze drife-
ing back on crewmembers. If possible, objects were to be
sprayed from 15 to 20 feet (4.6 to 6.1 meters) away. Water
was to be directed to strlke vertical surfaces at an angle
of 30° to 4%5°. If a contamlnated area were large, 1t
was to be hosed down at a rate of 4 fté/min., In all
cases, drainage was to be such that contaminated water
flowed directly over the sldes.

® If hosing was insufficlent, the vessel was to be scrubbed.




o If exposed palinted or metal surfaces of the ship remained
contaminated after hosing and scrubbing, 1f practicable,
surface contamination could be allowed to decay naturally.
Contamination could be sealed in by repainting while 1t
decayed to prescribed tolerances.

o Wooden surfaces, if contaminated, were to be decontaminated
under general boat decontamination procedutes. Lilke ship-
board decontamination, the preferred methed In decontami-
nating boats was prevention by wetting surfaces before
exposure to radioactive particles. Boats, however, had a
greater potential for retaining contamination. If the
boat's interlor became contaminated, it could be hosed down
and the contaminants pumped over the side, but frequent
use of thlis method would concentrate contaminants 1in the
bilge pumps.

Ship commanders discovered, particularly as a result of actual fallout,
that the recommendation they had received in CTG 3.3 Op Plan 1-51 to wet the
topside of the ship before the detonatlion greatly reduced decontamination
efforts.

Contamlination inside the boats could be introduced by contaminated passen-
gers, radioactive fallout, or seepage of contaminated water into the bilges. A
particularly difficult source of shipboard decontamination was unpainted wood.
If the contamination proved to be resistant to hosing, scrubbing, or scrapling.
a coat of varnish, shellac, or paint would ceontain radicactivity and seal the
surface until radioactivity decayed to a permissible level.

Both ships and boats were expected to be deconctaminated in the open sea,
where drainage and dispersal of low-level contamination presented no problem
(Reference 49, Annex H-II, pp. 3 and 4)., Table 9 summarizes the effectiveness
of ship and boat decontamination techniques in GREENHOUSE.

Equipment Decontamination

Decontamination of radioactive clothing was handled by the Army Quarter-
master. Development of special monitoring instruments was found necessary to
measure both initial degree of contamination and effectiveness of the decon-
tamination process. Clothing collected from personnel working in radioective
areas was first monitored by thls system, then wacshed using quartermaster
laundry procedures. The clothing was then remonitored to determine the degree
of contamination remaining., (In some cases, clothing could be decontaminated
simply by airing 1t. In other cases, 1f clothing were too contaminated or
threatened to overtax laundry facllitles, it was disposed of in the ocean.)

Location of contamination on clothing was spotty. Radloactlvity was gener-
ally found on cuffs, trouser legs, and pockets. A monitoring device that could
be easily maneuvered to precisely measure contamination was desirable. Several
instruments used for detection of contamination on clothing are compared in Ta-
ble 10. Because contamination was spotty, 1t was difficult to assess the cver-
all level of contamination an individual encountered (Reference 78, p. 201).
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Table 9. Ship and boat decontamination effectiveness.

B Highest
- Contamination? Effectiveness
::: Vessel Date Hour {R/hr) TechntquesP (percent)
AVR-P-645 8 Apr 1045 0.010-0.022 Fs, S8 50
; 8 Apr 1445  0.006-0.012 Fs, s8 75
n 8 Apr 1800 C.005-0.008 FS, SB 87
e 9 Apr 0900 0.0019-.0.0037 S, SB 95
S 25 May 1530 0.002-0.0036 S, SB 87
- 25 May 1700 0.020-0.047 FS, S8 --
. 26 May 0800 0.014-D.042 fS, SB 30
26 May 0930 0.008-0.022 fS, SB 50
26 May 1100 0.008-0.016 FS, SB 60
- AVR-20987 8 Apr 1230 0.012.0.050C s 85
- 9 Apr 1230 0.002 Fs 98
n 21 Apr 0828 0.002-1.000 FS, S8 96
" 9 May 1520 0.044 96
y 9 May 1800 0.005 99
A 25 May 0717 NA NA
,j; 25 May 1330 0.005-0.016 FS, SB 10
o AVR-20967 25 May 1530 0.012-0.021 FS, SB -
i 26 May 1000 0.003-0.007 FS, SB 75
— AVR-26656 8 Apr 1400 0.040 fS, se 75
9 Apr 1500 0.0021-0.00642 FS, SB 93
o 10 Apr 0800 90.0007-0.0018 S, SB 98
v 21 Apr 0737 0.210 FS, SB 50
X 21 Apr 1300 0.012-.0.060 Fs, se %5
- B 22 Apr 1200 0.038 fs, SB 98
o 25 May 0800 0.009-0.020 FS, S8
e 25 May 1010 0.010-0.020 FS, SB 20
o 25 May 1300 0.0013-0.004 FS, SB 92
gl 26 May 0952 0-0.019 FS, S8 50
USS Cabildo (LSD-16) 8 Apr 1300 0.002-0.026 Fs, SB 70
8 Apr 1800  0.002-0.021 FS, S8 70
9 Apr 0400 0.002-0.018 FS, SB 90
9 Apr 1030 0.0001-0.027 FS, SB 95
Y 9 Apr 1500 0.0005-0.010 fs, S8 36
Tl 10 Apr 1000 0-0.0%0 S, sB 98
- 1t Apr 0900 0-0.0052 FS, SB 99
e 20 Apr 1500 0-0.0003 FS, S8 100
S 25 May 1400 0.002-0.023 Fs 50
N 25 May 1630 0.004-0.130 FS -
'.2 25 May 1900 0.008-0.135% Fs 10
2 25 May 2130 0.004-0.075 FS 50
- 26 May 0415 0.004-0.050 Fs 73
- 26 May 0730 0.002-0.040 Fs 85
:;. 26 May 1700 0.001-0.022 FS, S8 97
S LCm-9 8 Apr 1200 0.003-0.009 Fs 95

(continued)




™
A Table 9. Ship and boat decontamination effectiveness (continued).
o Highest
b - Contamination® Effectiveress
Vessel Date  Hour (R/hr) TechniguesP (percent)
" LCM-10 8 Apr 1200 0.005-0.010 Fs 95
_ LCM-18 21 Apr 1100 0.003-0.008 FsS 36
- LCM-20 8 Apr 1200 0.004-0.015 7S 95
- LCM 23 21 Apr 1200 0.002-0.007 FS 97
r" LSU-1194 8 Apr 1710 0.008-0.028  FS, $B 10
. 9 Apr 1000 0.001-0.009 FS, SB 92
e 10 Apr 1000 0.008-0.028 FS, SB 98
: 25 May 1135 0.006-0.033 FS, SB 10
N 25 May 1730 0.040-0.090 FS, S8 .-
" 25 May 0730 0.007-0.040 FS, SB 80
LSU-1249 8 Apr 1808 0.0012-0.008 FS, $B 2o
9 Apr 1230 0.0001-0.0003 FS, SB 98
® . 21 Apr 1648 0.010-0.092 FS, SB 15
" 21 Apr 1900 ©.004-0.C18 FS, S8 95
- 22 Apr 1200 0.003 FS, S8 98
- 25 May 1125 0.008-0.0Y5  FS, SB 50
- 25 May 1200 0.006-0.012 FS, S8 75
25 May 1910 0.006-0.023 FS, SB 75
26 May 0730 0.008-0.075 FS, SB 50
= LSU-1345 8 Apr 1400 0.008-0.021 FS 0
- B Apr 1600 0.005-0.018 FS 25
= 9 Apr 0800 0.002-0.006 FS 80
L 10 Apr 0800 0.0003-0.0012 FS 37
- 11 May 1715  0.040-0.105 FS, D 100
n 25 May 1158 0.0004-0.015 FS, SB 50
o 25 May 1900 0.037-0.060 FS, S8 10
o 26 May 0658 0.016-0.045 FS, SB --
- USS Sproston (DDE-577) 8 Apr 0630 S&W, FS 30
o 21 Apr 0639 FS, D 33
- USS Walker (DDE-317) 8 Apr 0745 Fs 100
e 26 May 0630 Fs 95
O USS Curtiss (AV-4) 8 Apr 1300 FS., SB, SkM 40-60
= 25 May 1030 FS 75
¥ USNS Charles E. Mower 8 Apr 0945 fs 50
(T-AP-186)
UsSS_LST-859 8 Apr 0649 FS, SB, D 85
By Notes:
- aSources: References 79 through 94,
- bFS -- Flusn witn saitwater; S8 -- scrubbed with scrub prusn; D -- departed

fallout area; S&W -- souap and water.
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Alrcraft Decontamination

In addition to TG 3.4 cloud-tracking and sampler aircraft, P2Vs and drone
aircraft required decontamination. Typically, drone aircraft were exposed to
higher amounts of r.diocactivity than manned Navy and Air Force aircraft. Manned
TG 3.4 aircraft were decontaminated at Kwajalein by TG 3.4 groundcrews. They
were alsc responsibl: for decontaminating TG 3.3 VP-931 aircraft based at
Kwajalein.

TU 3.4.4 constructed a personnel decontamination center and an aircraft
decontamination area at Kwajalein. The hardstand site stored 2,400 gallons
(9,084 liters) of freshwater for washing down the aircraft during decontamina-
tion. The aircraft decontamination area was 110 by 300 feet (33.4 by 91.4 me-
ters), and was marked off with a double line of red and yellow and placards
warning of radiological hazard.

Many subunits of TG 3.4 organized their own radsafe operations personnel.
TU 3.4.2 had 20 monitors (12 ground supervisor monitors and 8 crewmembers
trained as airborne monitors). The 12 ground monitors conducted aircraft and
personnel decontamination operations. Twenty ground maintenance crews (five
men each} decontaminated aircraft. TU 3.4.4 had one crewmember per aircrew who
was trained for airborne monitoring. These monitors also supervised any decon-
tamination operations required by their unit. In addition, the senior monitor
performed additional duty as a staff radsafe officer for the unit. TU 3.4.4
ground maintenance crews alsc decontaminated their own aircraft. TU 3.4.6 had
four persons qualified for airborne monitoring. Monitors supervised decontami-
nation operations of detachments (Reference 70, H).

Typically, except following shot EASY, when an experimental cleaning tech-
nique was used, decontamination techniques closely followed those established
during Operation SANDSTONE. The most common agents used in TG 3.4 decontamina-
tion operations were the water- and kerosene-soluble cleaning compound, "gunk, "
Kerosen=, laundry detergent, and freshwater. The solution used consisted of
gunk and kerosenc in a one-to-three ratio (25 gallons [94.6 liters| of gunk to
75 gallons [284 liters] of kerosene). About 1,200 gallons (4,542 liters) of
water were required to rinse a B-17.

As the radiocactive drones completed their landing rolls, a crew equipped
with a tug and an extended towbar to separate the drones from the tug driver
towed the drones to a restricted parking area (Figure 20). Radiological moni-
tors then removed the radiocactive samples and test equipment from the drones.
If samples and equipment were sufficiently radicactive, samples were removed
using long hooks (Figure 17). After all samples and test equipment had been
removed from the drones, they were towed to the drone decontamination area.

With manned aircraft, once the radsafe monitor deemed it safe, the aircrew
deplaned carrving instruments and equipment. If the aircraft was highly con-
taminated the crew left without the samples and equipment, but the goal was to
retrieve material left aboard in less than 15 minutes.

Once the aircraft were in the decontamination area (Figure 21), the crews

attempted to decontaminate them as safely and expeditiously as possible. The
first step was to thoroughly flush the external surfaces with water under high
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Figure 2C. Drone B8-17 being towed from runway following GREENHOUSE, GEORGE .

Figure 21. Alrcraft decontamination area, Enewetak, GREENHOUSE .
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pressure. This was done to remove as many rad‘ .tive particles In loose con-
tact with the suirface as possible. The alrcratft were then monitored, and the
time required to decontaminate them was estimated. If the aircrafts' radio-
activity exceeded the MPL.,, they were flushed with gunk solutlion under high
pressute. The cleaning solution was allowed to stand as long as possible with-
out drying. The alrcraft were then flushed again with water. Figure 22 shows a
drone B-17 being washed down. The engine cowlings have been remcved.

Following this, the alrcraft were remonitored. Usually the first gunk
treatment removed 50 percent of the? contamlnatlion. If the radiation levels
still exceeded the MPL, they would undergo the gunk treatment a second time,.
The second application usually removed another 12 percent. Further applications
were deemed of negliglble value.

when metal parts were contaminated and there was no danger of damaging a
porous fabric, stralght gunk proved effective. In contrast to flushing the
aircraft with a gunk solution, additional applications of pute gunk were
beneficial.

Initial contaminants sealed in by paint were treated with a solution of
5 pounds (2.27 kg) of lve, S pounds (2.27 kg) of boiler compound, 1 pound
(0.45 kg) of cornstarch, and 10 gallons (37.9 liters) of water. This was ap-
plied to a painted surface using a wire brush and scraping to remove all paint.
After the paint had been stripped and the surface thoroughly scrubbed with gunk
and flushed with water, the alrcraft was remonitored (Reference 7).

Figure 22. Drone B-17 being washed at Enewetak 2 days after GREENHOUSE,
EASY.
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The method of decontamination used for Operation RANGER was tried following
shot EASY. RANGER personnel had indicated a high degree of success using
1 pound (0.45 kg) of trisodium phosphate (TSP) dissolved in 100 gallons (379
liters) of water. The solution was applied until decontamination was complete.
For EASY, WB-29 #202 was decontaminated using the RANGER method. Two engines
were flushed with TSP solutlon. After using 400 gallons (1.514 liters) of the
solution. radiocactivity dropped from 0.060 R/hr to about 0.050 R/hr. In con-
trast, the remaining two engines were treated with the 1:4 gunk-kerosene solu-
tion and rinsed with 200 gallons (757 liters) of freshwater. As a result,
these englines read 0.030 R/hr (down from 0.060 R/hr). wWhile the RANGER method
had worked well in Nevada, 1t was abandoned because of the large amour:ts of
water required.

Although WB-29 #202 had been subjected to two decontaminations at Enewetak
before returning to Kwajalein, the readings r-mained high. Even after three
washings of the aircraft engines and one of 1ts skin, the engines still read

mOATA e e PR — . .Y s v ) R T - ..
VaWUi0o O/71L ailu LOuUlu e [educed (10 Lurcner.

After the serond shot, gunk-kerosene solution was applied using long-
handled brushes for the initial decontamination instead of simply flushing the
alrcraft. It was generally conceded that this was very effective for loose
parts like engline cowlings. For large-scale operations such as the entire air-
craft, however, three to four times more manhours were used thar flushing with
gunk and kerosene and rinsing with freshwater.

During shot DOG, a decontamination crew consisted of six men and two equip-
ment operators. Equipment used included one chemical decontamlnation truck, a
steam Jenny. a gunk machine, and aircraft-washing brushes. A number of solu-
tions were used. During DOG, the decontamination truck was used primarily for
rinse water. The steam Jenny used a solution of 100 gallons (379 liters) of
water mixed with 1 pound (0.45 kg) of TSP for the initial washing. While the
methed was effective, 1t was extremely slow. It was decided to continue use of
the Jenny in other tests, but not as the primary washing method. The gunk
machine used a mixture of one part gunk to three parts kerosene for greasy or
olly surfaces.

Heavily contaminated WB-29s required about 3,300 gallons (12,492 11t -rs)
of water each for decontamination, B-50s about 2,00C gallons (7,571 liters)
each, and the P2V required 200 gallons (757 liters) of water. Lightly contami-
nated WB-29s required 1,100 gallons (4,164 liters). On the average, eight men
per alrcraft were 1involved 1n decontaminpation. The amount of time needed to
decontaminate the alrcraft had dropped by the second shot, in part due to ex-
perlence galned., but also due to 1initlally scrubbing alrcraft with brushes.

Decontamination procedures used by TG 3.4 were generally very effective.
Nevertheless, a complicating factor arose. While most decontamination measures
reduced radioactivity to within permissible limits for personnel, radiocactivity
of some of the very sensltive debris-sampling equipment and filters still re-
mained high. Standard decontamination methods could not lower the actlvity to
the point desired.

An lon chamber was used to survey the planes before decontamina‘ion began.
Decontamination crews used a GM counter (Victoreen model 263B) as the primary
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instrument for postdecontamination survey work, All decontamination crewmembers
were issued booties, clean overallsg, hats, and rubber gloves. Personnel operat-~
ing spray equipment were also given clean goggles. In almost all cases, decon-
tamination crewmembers accumulated contamination during the course of their
work and required a trip through the personnel decontamination center.

After shot GEOKGE, all aircraft were decontazminated with a mixture of four
parts kerosene to one part gunk, with the exception of RB-29 #1762, which was
partially washed with a mixture of water and TSP. WB-29 #2202 and RB-29 #1762
had been partially decontaminated at Enewetak before returning to EKwajalein.
As usual at Kwajalein, the cowling was removed before washing. Tonsiderable
scrubbing was necessary on some parts of the cowling, particularly the movable
vents around the circumference of the engine, which had strips of rubber
attached, to remove the major portion of the contamination. Highest concentra-
tions of radioactive materials invariably were found on engines, with above-
average intensities on deicer boots, turrets (on the RB-29), and on C-1
airfoils.

Carburetor airscreens were not normally touched during decontamination
operations because of their inaccessibility. The unit did check carburetor air
screens for radioactivity at the time of the next major inspection of the air-
craft when the screens were nrormally removed for cleaning. Even though consid-
erable periods of time elapsed between exposure of the aircraft and the next
major inspection, contamination was invariably found or the screens at the
time of removal after all other radioactivity had decayed.

In a memorandum dated 17 March 1951, CTG 3.3 (Navy) wrote that it was his
understanding that TG 3.4 would furnish personnel and limited material decon-
tamination facilities at Kwajalein. CTU 3.4.4 agreed to furnish personnel and
aircraft decontamination facilities tor both WB-29 and VP-931 aircraft when
required., While the Kwajalein facility was ample ard trained personnel were
available, VP-931 personnel were to assist in decontamin:scion efforts if neces-
sary. CTU 3.4.4 however, did not want to land any of h.s planes at Enewetak,
primarily because of maintenance requirements. Further, Enewetak decontamina-
tion facilities were set up largely to decontaminate drones. Because oi this,
the CTG 3.3 radsafe officer felt that as long as intensity inside any VP-931
aircraft 4id not exceed 0.004 R/hr above background, it should continue normal
patrols and return to Kwajalein on completion. At Kwajalein it would be decon-
taminated if necessary, and the crew checked. Like other aircraft, VP-931 was
routinely checked for contamination upon completing all patrols after shot day
(Reference 96).

CTG 3.3 Op Plan 1-51, Appendix II to Annex H, included general aircraft
decontamination procedures. In general, aircraft decontamination procedures
for Navy aircraft were the same as for Air Force aircraft. However, the Op
Plar did4 state that no aircraft or personnel would be permitted within 4 nmi
(7.4 km) of the rising columr or visible radioactive cloud unless specifically
directed to do so for tactical reasons. TU 31.3.2 aircraft in the air at H-hour
carried radsafe monitors to determine the length of time personnel flying in
an air radex area could remain without exceeding prescribed or tactical tol-
erances. During shots, TU 3.3.3 aircraft at cruising altitude made background
counts with survey meters and continuously wonitured the course during flights
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in the vicinity of suspected zones of radioactive contamination. The plan
called for each aircrew member to be issued a film badge that was tc be worn
throughout the flights Ffor specific periods. When aircrews cncountered suffi-
ciently intense radiocactivity, the monitor advised the aircraft commandzr who
ordered the crew and passengers to wear standard Navy gjas masks or respirators
to prevent inhalation of airborne radiocactive particles. Masks and respirators
were to be worn until readings returned to normal and until the aircraft was
flushed with clean air.

Standard operating procedure in the event an aircraft entered a highly
radiocactive airspace was to take evasive action by making a 180° turn and
seeking a nonradiocactive flight path.

At the end of any flights the first day after a shot, even though no radio-
activity was reported by the aircraft commander, crews were held until an
engine was monitored. If the engine showed radioactivity, the crew had to be
monitored (Reference 6%, Annex H).

Offsite Monttoring

Detonating a nuclear device posed the possibility of radiocactive fallout
exposure not only to persons in the vicinity of Enewetak Atoll but aigo on in-
habited outlying islands. Surveys were conducted of neighboring atolls. VP-931
had operational control of one Navy PBM-5A aircraft. The PBM was used, among
other things, for post-test collection of water samples at Ujelang, Rongelap,
Rongerik, Ailingae, Lae, Ujae, Wotho, and Ponape (Refereance 49, Annex A). Only
a small amount of documentation has been located that provides results of these
offsite surveys. One survey made during the week of 7 to 14 May (after chot
GEORGE) on Ujelang, Ponape, Bikini, Rongelap, Lae, Ujae, and Kwajalein showed
no significant contamination. Water samples that were collected showed no sig-
nificant activity (Reference 38, p. 7).

Program 7 (Long Range Detection) had three other projects that sought to
collect device debris. One method of doing this was launching balloon-borne
instruments at Johnston Island in the Pacific and Swan Island in the Caribbean
350 nmi (about 650 km) south of Cuba. In addition, debris was collected at
ground level at seventeen staticns by filter papers, rainwater (if possible),
electrostatic precipitation, direct fallout, and ruvof-scrubbing. Finally, seven
aircraft from Kwajalein, seven from Hickam AFB, Hawaii, and four from McClellan
AFB, California, were equipped with instruments for instantanecus debris re-
covery encountered at great distances from the burst (Reference 5, p. 73).




CHAPTER 3
GREENHOUSE TEST CPERATIONS

After the extensive construction program iiad been completed and personnel
assembled and rehearsed, actual test operations could begin. These were divided
into three overlapping phases (Reference 5, p. 89).

The flrst phase begjan 3 days before the planned shot hour and lasted for
48 hours. During this phase aerial and surface survelllance of the Danger Area
was intensified, and task force personnel were withdrawn from the camps near
the shot islands and thelr whereabouts verified.

The second phase began at midnight the day before the shot and continued
through shot day. During this period, the device assembly was finished and 1t
was moved from the workshop aboard USS_curtiss (AV~4) and holsted to the cab
atop the shot tower. Experimental teams made final instrument adjustments and
calibrations and experimental animals were placed at thelr exposure stations.

The third phase began with the first efforts to recover recorded data
following the detonation and lasted through the days immediately following a
shot. During this phase, the predominant activitles were surveylng shot siltes
and recoverling data.

Although all four shots were weapon development experiments, the objec-
tives, assoclated experiments, and requlired Instrumentation for each were 4if-
ferent. Shot EASY had assoclated with it an extensive Department of Defense
(DOD) structures program, which involved building a number of test structiures
at various ranges from the shot point. This required the test to be on the
largest of the upper 1slands. knjebi, which had room for the placement of the
structures. The nearby islet of Mijikadrek also allowed placement of structures
at longer ranges for this program.

Construction for EASY, which began 1n 1950 and was over 75 percent com-
pleted by the end of that year., required the device to be predictably In the
desired yield range. The EASY test array also meant that any tests occurring
before EASY had to be at a range from Enjebi that would not disturb the struc-
tures. Therefore, shot DOG was fired on Runit, which is about as far (10 nmi
[18.5 km]) from Enjebl as it is from Parry. the center of the base islands.

The time of day selected for each shot and 1ts flexlbllity also was a
function of the types of measurements planned. Shot time for DOG was fixed at
30 minutes before dawn. If, for some reason, 1t could not have been fired
then, 1t would have had to be delayed for several days.

Shot EASY could have had one !5-minute delay 1f a ralnshower appeared over
Enjebi., but 1t would have had to be called before H-20 minutes to allow re-
starting the exterstve test Instrumentation: otherwise, the test would have
had to be postponed for several days.
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Shot GEORGE couid have been held up until late afternocen (1730) of the shot
day, but this would have had to be known at least 7 hours before the scheduled
early morning time. If this condition could not have been met. the shot would
have had to be delayed for at least 48 hcurs (Reference 5, p. 89).

For shot ITEM, the acceptable shot-time tclerances are not reported. The
shot was not confirmed as even being 1n the schedule until 28 April 1951, al-
though some preparations had been made for 1t, and it consequently had fewer
experiments with exacting time requirements (Reference S, p. 84).

SHOT DOG
Preparattions

Months of effort, both in the United States and in the proving ground. in-
cluding a rehearsal on 3 April 1951, brought Joint Task Force 3 (JTF 3) to the
point where shot operations could formally begin. Following receipt of read-
iness reports from his four task group commanders and conferences with the
sclentific director and the weather forecasters, Commander JTF 3 (CJTF 3) ini-
tlated shot DOG operations at 0200 on S April 1951 (D-3) (Reference 97, p. 1).
A 24-hour postponement was later approved by CJTF 3 and H-hour was changed
from 7 April at 0634 tc 8 April at 0634 because adverse weather resulting from
typhoon George slowed instrument placement.

A number of important tasks stlll had to be performed before detonation
could take place (Reference 20, p. 57: Reference 98, p. 16):

1. The area around the atoll had to be carefully patrolled
to make sure no unauthorized ships or ailrcraft were pres-
ent., both for theilr own safety and to restrict access to
information on the U.S. nuclear program

2. All personnel and much equipment had to be evacuated from
the northern islands of the atoll

3. The weather had to be monitored to detect any deterlora-
tion in conditions requiring postponement of the test

4. On the basls of the latest weather analysls, radiclogical
exclusion (radex) area boundaries had to be established
and fallout areas predicted for protection of all units
and personnel

5. The device had to be moved from Curtiss and placed on the
shot tower

6. Final preparatlons for the many experiments had to be
made, including positioning of 49 ajccraft and 1,170 mice.

P2v patrol planes from Navy Patrol Squadron 931 (vP-931), based on Kwaja-
lein, searched for unauthorized vessels 1n the ocean around Enewetak Atoll
beginning 1 March 1951, Until 3 April, two misslons were flown each Z24-hour
period, using a single alrcraft for each mission. Beginning on 3 April the
number of misslions was increased and two alrcraft., a P2ZV-3W and a P2v-2, flew
together on each mission. Shortly before 0800 on that day, they slghted an
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unidentified vesse) bearing 2319T, 76 nmi (141 km) from Enewetak Island.
Apparently 1t was directed out of the area. The maximum number of missions
planned for a 24-hour period was five on 7 April., the day before the test. For
DOG D-Jay. 8 April, four misslons were planned. two before the detonation and
two after. Three missions were planned for ¢ April. Single-alrcraft missions
were reilnstituted on 10 April (Reference 61, p. 11-2; Reference 16: Reference
99, pp. CII-I and CII-2: Reference 76).

To prevent unauthorized personnel from viewing the detonation or obtaining
f- lout samples. the atoll's uninhabited islands were periodically inspected.
‘m 5 April, Task Group (TG) 3.4 liailson planes made a final air sweep of the
uninhabited islands. The next day, military police from TG 3.2, in amphibious

DUKWs from Task Unit (TU) 3.3.5. conducted a final ground sweep of these
islands (Reference 97, p. 1).

A complete task force personnel muster was begun at 1900 on D-2. On
6 April., equipment was evacuated from Runit, and the island was declared an
excluslion area that could be entered only by personnel on a speclal access
l1st (Reference 97, p. 3). By midday on 7 April, all personnel left Run!t,
except those responsible for placing the nuclear device on the tower and arm—
ing it, plus a military police (MP) security group and Holmes & Narver, Inc.
(H&N) maintenance men. Figure 23 shows the device being lifted to the cab atop
the tower. Later the same day, all but a small group of MPs and H&N maintenance
men were evacuated from Enjebi and Low]a (Reference 97. p. 5). On D-day at
0530, personnel were mustered on Parry.

At 1100 on D-1, all personnel were evacuated from the northern islands of
the atoll aboard Curtiss, USN3 Sgt. cCharles E. Mower (T-AP-186), and USS
LST-859. These shlps anchored in the lagoon off Parry Island and awalited
H-hour. All tents and aluminum buildings had been removed from Runit. Only the
power plant, instrument stations, a tethered balloon of one experiment, and
the shot tower remained on the i1sland at shot tilme. Even construction debris
and waste of every sort had been gathered and burned to avold scattering by
the explosion.

Several times each day wWB-29s from TU 3.4.4 flew weather reconnalssance
missions. Beginning at midnight on 4 Aprll., the task force commander and his
key staff members received weather briefings twice daily.

Oon the morning of 7 April, the surface radex forecast was issued. From the
DOG surface zero, 1t extended outward for 25 nmi (46.3 km) between 245°T and
275°T, and was in effect until H-1 (Reference 16, p. B-3).

Oon D-day thils radex area was replaced by more detalled ones:

® Ground-alr composite radex areas -- surface to 15,000 feet
(4.6 km) altitude, H+6, beariny from 235°T to 263°T,
radial distance 76 nml (141 km) minimum, 123 nmi (228 km)
maximum (from surface-zero polint)

e Alr radex area -- 20,000 to 60,000 feet (6.1 to 18.3 km).
H+6., bearing from 66°T clockwise to 131°9T, radial dis-
tance55 nmi (102 km) minimum , 147 nmi (272 km) maximum




ENHOJSE, DOG test device being hoisted in 1ts tower.
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® Ground-alr composite radex areas -- surface to 60.000 feet
(18.3 km), H+l, bearing from 73°T tc 272°T., radial dis-
tance 21 nmi (38.9 km) maximum and 25 nmi1 (46.3 km) minimum
(from surface zero).

Locarions of the sucface ships and the H+6 ground-alr composite radex arei are
shown in Figure 24.

— . 1— e =

H
i : i
' . !
i

| g .

id' SURFACE
ZERO

B R

LS CURTISS sa £ P I
o . < :

SURFACE RADEX

123 nrm

B

Figure 24, Radex area and ship locattons during GREENHOUSE, DOG.
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Experimental Activities

The test proqram for DOG included 57 experiments or prolects conducted by
™ 3.1.1. TU 3.1.2. and TU 3.1.3. Twenty-seven of these experiments measured
device performance., airblast, and nuclear radiation output. A biomedical ex-
periment used mice. Six experiments studied nuclear cloud physics, eight eval-
uated nuclear radlation instrumentation. nine studied surface blast effects.
two were on test detection, and four experiments measured blast effects on
aircraft. These experiments were based on instrumentation and test objects
placed on the shot 1sland, on surrounding 1islands, and on manned and radio-
controlled drone alrcraft. For many experiments. recovery of recorded data had
potentlal for radlation exposure. These experimental projects and the part DOD
organizations played in them are discussed in Chapter 4.

The Test

weather conditions were not optimal due to an overcast sky and low cloud
formations from approximately 4,000 to 8,000 feet (1.2 to 2.4 km) (Reference
16, p. B-2). The winds predictec from the surface to 20,000 feet (6.1 km) were
from the east and east-northeast with velocities greater than 15 knots (28
km/hr). Above 20,000 feet (6.1 km), winds gradually shifted from north to west.
Basad on SANDSTONE experience, no fallout problem was foreseen (Reference 38,
pP. 35).

At 0634, on 8 April, the device was detonated at the north end of Runit
atop the 300-foot (91.4-meter) tower. All ships, except USS_Sproston (DDE-577).
Uss Walker (DDE-S517), and USNS Lt. Robert Cralag (T-AK-25Z) were anchored off
Parry and Enewetuk 1I1slands, with Curtiss closest to surface zero. bearing
354° to the shot point at a distance of 8.8 nmi (16.3 km). Sproston was on
station bearing 1879T at a distance of 30 nmi (56 km) to surface zero. Walker
was on station bearing 270°T 15 nmi (28 km) to surface zero. Craig was abhout
100 nmi (185 km) east of surface zero 2n route to Enewetak Atoll.

At Parry Island where a group of VIPs observed the shot from the Officer's
Beach Club patio (Figure 25), the shock wave arrived abcut 45 seconds after

Figure 25. VIP visitars view GREENHOUSE, DOG from Officer's Beach Club Patio.




the explosion. At H¢] minute, B-17 drone alrcraft began sampling runs through
the radiocactive cloud at various altltudes. At approximately 0730. the drones
began landing, some having been aloft since about 0130. The drones and thelr
controller planes were down by 0900. Cloud samples were transferred to special
flights scheduled to return to various laboratories in the United States (Ref-
erence 16, p. B-3). In all, 32 alrcraft took part in DOG. Thelr flight patterns
are shown in Figure 26. One of the two QT-33 drone alrcraft, used to measure
blast and thermal effects, crashed at sea when control was lost.

N

Figure 26. GREEMHOUSE, DOG flight patterns (source: Reference 5).
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At 0640 a helicopter and aa L-5 took off from Parcry to check for radio-
activity on the northern part of the atoll (Reference 16, p. B-3). The helicop-
ter alsc carried a radioman who was to reestablish communications between Parry
and Runit. Communications were reestablished at 0706 (Reference 5, p. 118).

At 0700. a radsafe escort boat with & monitoring team departed for the
Enjebi anchorage. By 0710 initlal survey reports for TG 3.3 indicated negative
readings. At 0810, after the surface radex requirement had been 1ifted, Mower
and LST-859 proce. ed to thelr assigned berths at Enjebl and Lojwa cartrying
construction personnel to complete work for shots EASY and GEORGE. At first 1t
appeared that the expected patterns of radioactivity had been found. The shot
site was 1Intensely radiocactive, but this decreased toward the southern end of
the island. The other i1slands showed only slight radioactivity (Reference 5,
p.- 118).

By 0823, the senlor monitor of the escort boat reported radiation levels
ranging from 0.010 to 0.025 R/hr. At 0907, the escort brat was directed to
return to Curtlss because the crew, monitors, and instruments had become con-
taminated. This contamlnation apparently came from radlioact: = lagoon water
and airborne radioactivity. RAll pocket dosimeters 1indicated readings from
0.180 R to off-scale (0.2 R) when they returned by 1030. At the same time or
shortly thereafter, Japtan, Parry, and Curtiss recorded fallout varying 1in
intensity from 0.020 to 0.070 R/hr.

There was evidence of two alstinct waves of fallout. The first occurred
between (0900 and 1100 and the second between 1200 and 1400. Apparently the
actual shot-time winds were somewhat different than predicted. Winds below
17,000 feet (5.2 km) altitude were from the east, but at higher altitudes were
from the west. The lower winds moved the cloud west. but the upper winds
brought 1t back a short time later (Reference 16, p. B2). All trips to the
norihern 1slands were cancelled except for small parties of monitors and scl-
entists who continued reconnalssance in radioactive areas. Conditlons began to
approach normal by noon of 9 April (Reference 5, p. 118).

Table 11 indicates radiation intensities on the task force ships at various
times and positions.

The average radlation intenslity was probably low because of a continuous
film of water flowing on all weather decks, washing the particles overboard
and preventing @ bulldup of radlation (Reference 16, p. B-S).

At 1400, the following readings were renorted from several ships (Reference
100, p. 2):

Curtiss -~ Maximum levels at belt height on horlzontal sir-
faces 0.100 R/hr (topside readings ranged from 0.010 R/hr to
0.100 R/hr). Boat deck and fantail isolated with decontamina-
tion in progress.

cabildo - From 0.010 to 0.040 R/hr topside.

LST-859 -- At anchor (Lojwa), mean level 0.050 R/hr with a
maximum of 0.380 R/hr. Most personnel exceeded 0.100 R/hr
(maximum permissible exposure).
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Table 11. GREENHOUSE, DQ0G D-day average radiation readings on saips.

- Intencity
B Shin (R/h -} Time Position
USS Walker (DDE-517) 2.010 1010 2,000 yards (1.83 km),
090° Runit
LSU-134542 2.500 1010 1,000 yards (914 meters),
270° Runit
USS Curtiss (AV-4) 0.035 1010 Parry anchorage
USS Sproston (DDE-577) 0.005 1015 2,500 yards (2.29 km),
southwest of Enewetak
Isiand
USNS Sgt. Charles E. Mower (T-AP-186) 0.020 1215 Enjebi anchorage
Uss_Cabildo (LSD-16) 0.020 1315 Enewetak Island anchorage
UsS LST-B859 0.050 1328 Lolwa anchorage

Note:

a
Reading taken over lagoon waters, not on the LSU.

Source: Reference 16, p. B-5.

sproston -- Average 0.005 R/hr readings. Decontamination began
at 1600.

Mower --- 0.010 to 0.040 R/hr and decontaminating.

A midafte.noon (1500) survey of the 1slands was made: the results are glven
in Table 12. This table also shows the levels on successive ¢ays. The situation
at Parry Island 1s shown in Figure 27. Intensity readlings for Parry are not
available for the DOG fallout perlod except for a few times and the available
information (Figure 27) is in units of cadiocactive disintegrations counted per
minute. How this relates to intensity units of roentgens per hour 1z not
straightforward and Figure 27 1i1s presented to show only the relative shape of
the fallout bulldup and decay with time. The radsafe organlzation reports that
a survey at 1000 showed a few small areas of "relatively high activity (1 R/hr)
[but] the 1island as a whole showed a rather uniform level of contamination®
(Reference 38, p. 13). The fallout project reports 0.1 R/hr at 1410 and 0.018
R/7hr 24 hours later (Refetence 62, p. 7). The radiological sjituation at Runit
for D+1 and D+2 is shown on Flgure 28.

A D+1 ship radiation survey report indicated the following levels:

curtiss -- 1130, all areas below 0.0125 R/hr except an 1iso-
lated area on fantall at 0.025 R/hr

wWalker -- 1208, 0.010 R/hr in spots only
Cablldo -- 1238, 0.00% R/hr average

106

et e R e e e A A et R o B D et it T A S K e S Sy A A PR WA i 43 e




Rl ety -
LR R
PLPL

¢
L

Table 12. Radiation intensities (R/hr) on various islands
following GREENHOUSE, DOG.

8 April 9 April 10 Apri 11 April 12 Apritl 13 Apri)

Enewetak 0.025 0.007 0.002 0.002 0.001
Parry 0.060 0.015 0.006 0.005 0.003
Anant} 0.050 0.015 0.005 0.003 0.002 0.001
Enjebi 0.002 0.0002 0.0001 0.0001 0.00003 0.00003
Bokoluo .00 0.0002 0.0001 0.0001 0.00003 0.00003
Biken 0.400 6.180 0.080 0.045 0.030 0.024
Kidrenen 0.500 C¢.160 0.048 0.029 0.018 0.01¢
Ikuren 0.150 0.040 0.012 0.007 0.009 0.005

Source: Reference 38, p. 6.
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- tigure 27. Parry Island radtation levels following GREENHOUSE, DOG
. (source: HReference 38).
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Mower ~-- 1330, 0.002 R/hr average
LST-859 -- 1757, all areas below 0.005 R/hr.

All other units and subunits showed barely significant levels at the close of
D+1 (Reference 16, p. B-4-4).

Decontamination Activities

At 1415 on D-day all ships were directed to carry out thorough decontami-
nation, and all personnel not required topside were directed to remaln under
cover with all doors and hatches closed. Contamination levels decreased rapidly
toward the end of the day (Reference 16. p. B-4-6).

Two WB-29 ailrcrews requlred decontamination, as did the personnel who
decontaminated the aircraft. Also requiring decontamination at Kwajlaleln were
two B-50As of TU 3.4.4 and one Navy P2V patrol plane. Initial readings (R/hr)
taken on these aircraft 12 hours after they landed and final readings after
decontamination were (Reference 14):

Initial Final
wB-29 0.300 0.018
WwB-29 0.150 0.010
B-50A 0.150 0.020
B-50A 0.150 0.018
p2v 0.040 0.005.

The ten QB-17 drones were heavily contaminated from flylng through the radio-
active cloud soon after the burst. Four days of decontamination effort were
required before aircraft maintenance could be safely conducted.

Personnel Exposure

Information on activities of base-1sland personnel not directly 1involved
with the tests 1s mixed. A GREENHOUSE radsafe monitor recalls that "non-test
personnel"” were "supposed to be confined to their quarters" (Reference 55),
which would have had the effect of lowering their exposure. However, the former
Radsafe Operations Officer 1s quite definite 1in his recollection that at a
meeting held after DOG fallout began the Radsafe Task Unit (TU 3.1.5) decided
- that "there would be no disrcuption of living island routine,"” and personnel
- not on duty were not restricted in thelr activities (Reference 103). An attempt
'g was made to estimate the maximum radiological exposure possible from DOG fall-
out. When fallout was detected, f1lm badges were exposed outside of bulldings
on Parry: these were replaced dally and were supplemented by information from
porket dosimeters. Results are shown 1n Flgure 29.

Badges were also 1ssued to TU 3.1.5 personnel that were not to be worn on
e missions but only during activities on the base 1sland. After 3 days and 10
-j- hours the badges showed a mean exposure of 0.8¢ R, with a minimum of 0.56 R
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Figure 29. &tstimate of maximum possible exposure at Parry Island fcllowing
GREENHOUSE, DOG (source: Reference 38).

and a maximum of 1.4 R, versus the 1.19 R predicted In Figure 29. Badges worn
by Japtan-based personnel during the same experiment showed a low of 0.825 R,
a high of 1.6 R, and a mean of 1.04 R. The estimate made by the radsafe author-
itles who plotted Filgure 29 was about 1.3 R for Japtan. The same authoritles
stated that the intensity on Enewetak was about two-thirds of that on Party
(Reference 38, p. 25).

Shipboard personnel would, of course, have had lower cumulative exposures
because decontamination activitles removed the radioactive particles from the
ships, washing them overboard. Medlical record entries 1ndicated fallout doses
ranging from 0.334 R on LST-859 to 1.1 R on USS Cabildo (LSD-16). Personnel in
buildings were shielded by the builldings. levels 1inside the bulldings were
observed to be one-~third to one-half those outside (Reference 38, p. 25).
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SHOT EASY
Preparations

A typhoon, which caused the postponement of DOG, also delayed EASY. A
one-day rehearsal was held on 17 Aprll. The rehearsal conslsted of a modified
partial aircraft schedule, one destroyer proceeding to shot station, and one
boat evacuation trip scheduled for training. Previous midnight and noon brief-
ings., 5 days before D-day, were eliminated. After receiving reports from all
task groups indicating complete readiness on 17 April, CJTF 3 formally declared
21 April at 0627 as H-hour after favorable meteorological conditions developed.
By 1800 on D-1. air and ground security sweeps of the atoll were completed
with negative results. Scheduled weather conferences confirmed earlier fore-
casts of weather conditions at H-hour and no modification of the shot schedule
was necessary (Reference 5, p. 121).

The first formal weather briefing was held on 20 April at H-3:25. Rain-
shower activity near Enjebl was of particular concern. Speclal air and surface
weather reconnalssance determined that H-hour readjustments would be necessary.
At H-25 minutes, all weather conditions seemed favorable and the original
schedule was observed (Reference 5, p. 123),

Approximately 22 hours before H-hour, the TG 3.1 Arming Party had departed
Party for Enjebl Island to prepare for the detonation. The device was removed
from Curtiss and taken to the tower. By 1430 on D-1, personnel were evacuated
from Enjebl to Curtiss and Mower and persornel musters were completed at 2225.
MPs made a fi1 : security sweep of the 1slands, and by 0300 on D-day they and
the Arming Party departed for Parry. By 0430, the Arming Party returned to the
control station on Parry (Reference 5, p. 125).

Debris from the lower levels of the detonation cloud stem (0 to 15,000
feet [4.6 km]l) was predicted to fall in a surface radex area, with a drift
sector of 200°T to 260°T and a radlial distance 20 nmi (37 km). Significant
fallout was also predicted for islands west of Enjebl, and possible fallout
for Parry and Japtan islands.

Radex area and locatlons of the task force ships are shown in Figure 30.

Experimental Activities

The test program for EASY Included 69 experiments or projects conducted by
TU 3.1.1, TU 3.1.2, and TU 3.1.3. These repeated most, if not all, of the
experiments conducted for DOG, but 1n addition the heavily Iinstrumented exper-
iments of the structural response program were 1included. These experiments
involved full-size and scaled down structures bullt at varlous ranges from the
shot tower on Enjebi. The nearby island of Mijikadrek also had test structures.
Dridrilbwij. at greater range to the west, was used for lower-level blast test-
ing of aircraft structures. Flgures 31, 32, and 33 show varlous aspects of
this test array.

Chapter 4 contalns a detalled description of these projects, as well as a
description of DOD participation in GREENHOUSE experimental programs.
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o Figure 31. View from GREENHOUSE, EASY shot tower looking southeast toward

o Program 3 military structures. Tents and other temporary
structures are also shown.

o Figure 32. Aerial view showing Program 3 test structures on islet of
A Mijikadrek in foreground and Enjebt with more test structures
. and GREENHOUSE, EASY tower in background.

113
&




i SR
R hoe

. CCCEL!

B . TN s ‘.f /‘1."'*:“‘ a - -t a et T _—:! LT
= il JL L o - =TT T - W

.j Figure 33. View of test structure on Mijlkadrek, GREENHOUSE, FASY.

The Test

Because of instrumentatlon requirements for structures response, biologi-
cal. and radlation experiments, the Scientific Director required that Enjebi
Island be free of precipitation at shot time. Best weather conditions (little
cloud precipitatlion) accompanied typical trade winds (westerly over north-
easterly) and 1deal fallout conditions existed with a southerly component in
the winds aloft. Fortunately, all weather requirements were realized. The final
forecast from 2300, 20 April, to 1000, 21 April, was (Reference 101, pp. 38
and 44):

. N
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® One-tenth to three-tenths cumulus base at 2,000 feet (0.6
km), at 3,500 feet (1.1 km), with a few tops to 5,000 feet
(1.5 km)

Filve-tenths c¢irrus at 40,000 feet (12.2 km)
No showers or precipitation
Visibility 12 nmi (22 km)

Surface winds from northeast, 12 to 18 knots (22 to 33
km/hr)

® A height of tropopause 53,000 feet (16.2 km).

R . Detonation occurred on 21 April at 0627 as planned, with a yield of 47 KT.
Faliout was essentially as forecast: however, some light fallout reached in-

o habited 1slands. Some radiation was detected on Blllae Island to the south.
- The top of the mushroom cloud reached 41,000 feet (12.5 km), the bottom 30,000
. feet (9.1 km). with wind shearing the stem at approximately 15,000 feet (4.6

- 114




km). The cloud moved 1n an westerlv direction. At approximately H+15 minutes,
recovery groups departed Parry for resntry of Enjebi. By 08!5 Project 1.5.2
recovery crews reached Enjebl Pler. The iadsafe group reported 2 R/hr radiation
readings at Enjebi Pier. and 30 R‘hr at Rokoluo as of 0825. At 0830, the radia-
tion level 400 yards (366 meters) from surface zero on Eniebl was 35 R/hr (Ref-
erence 71). Results of later surveys on D+1 through D+3 ar= shown in Figure 34.
Radiation on the other islands 1s shown in Table 13 for 6 days following the
shot.

Immedliately after the detonation, drone alrcraft started sampling missions.
Two QT-33 drone alrcraft, measuring blast and heat effects. were lost; one
crashed into the sea and one crash-landed on Bokoluo. The QOB-17 drones landed
at Enewetak by 0925 (Reference S, p. 127). Flight patterns during the test
period are shown in Flgure 35.

Experimental animals exposed on Enjebi had to be recovered on shot day.
This was apparently finished by 1700. Preliminary damage surveys of the test
structures on Enjebl were also done on shot day. However, detalled damage sur-
veys were conducted for over 2 weeks followlng the test. During thils pcst—-test
activity on Enjebi, H&N personnel watered the roadways and work areas to elim-
inate dust-borne radioactivity (Reference 5, p. 172).

Decontamination Activities

Sixteen crewmembers of the WB-29s were contamlnated above background, with
readings varying between 0.002 R/hr and 0.008 R/hr. Persons with readings of
0.005 R/hr or more were decontaminated and monitored again. Two TU 3.4.4 B-50As
as well as two Navy P2vVs had to be decontaminated at Kwajalein. Initial and
final readings (R/hr) of alrcraft at Kwajaleln were:

Alrcraft Initial Final
wR-29 0.070 0.012
wB-29 0.065* G.018
wB-29 0.015 0.012
B-S0A 0.050 0.01%
B-50A 0.080 0.015
rav 0.020 0.010
B2V 0.040 0.012

The B-17 drones that penetrated the radiocactive cloud shortly after detonation
had gamma intensity readings on the alrcraft in excess of 100 R/hr.

While on patrol at 2300 on EASY day. Sproston reported a 0.01275 R/hr
reading on a bearing of 32°T. 25 nmi (46 km) from surface zero. The maximum

* This reading was taken 24 hours after the misslon and after two decontamina-
tion washings at Enewetak. Other initlial readings were taken 12 hours after
missions were completed (Reference 54).
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Table 13. Radlation intensities (R/hr) on various ‘Yslands
following GREENHOUSE, EASY.

21 April 22 April 23 April 24 April 25 April 26 April 27 Apriil

Enewetak 0.0005 0.0
Parry 0.0005 0.0 c.0008 0.0006 0.0006
Ananij 0.0005 0.001 0.001 0.0006 0.0005 0.0005 0.0005
Runit 0.00003 0.004 0.0028 0.0016 0.0011 0.0005 0.0005
Bi1lae 0.0M 0.029 0.015 0.007 0.003 g.oM 0.00¢2
Bijtre 0.00005 0.040 0.020 0.0.2 0.007 0.005 0.004
Eleleron 0.00005 0.060 0.030 0.015 0.012
Bokenelab 2.00 0.080 0.040 0.025 0.017 0.30 0.12
Kidrinen 1.00 0.050 0.028 0.014 0.010 0.006 0.007
Mijtkadrek 1.10 0.032 0.018 0.010 0.006 0.001 0.003
Dridrilbwl) 3.20 0.100 0.050 0.028 0.016 0.009 0.010
Bokombako 25.0 0.900 0.450 0.320 0.220 0.180
Bokoluo 32.0 1.00 0.900 0.630 0.350 0.200 0.150

_ Biken 0.001 0.0 0.0016

\ - -

mfi Source: Reference 38, p. 6.
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contamination picked up by TG 3.3 unlts was that reported by AVR-20987 and
LSU-1249 whiie in close proximity to Enjebil Island (Reference 17).

Personnel Exposure

One boat pool crew., consicting of four men operating from Cablldo, wore
f1lm badges that showed a cumulative beta exposure range of 12 to 32 R and a
gamma range of 8.5 to 20 R. All other radiation intenslty and cumulative ex-
posure measurement methods, 1including readings from Gelger-Mueller counters
and pocket doslimerers., fatled to support exposures of the magnitude 1ndicated
by the boat crew's film radges. The four men were glven complete radiolsgical
physical examinations with negative findings (Reference 16, p. B-9).




SHOT GEORGE
Preparations

A rehearsal on 5 May 1951 tested ailrborne and ground electronic eqﬁipment
of TU 3.4.2. Alcrcraft from Kwajalein did not particlipate. TG 3.3 conducted an
intensive ailr search and a simulated evacuation of MPs from Enjebl by the boat
pool.

The flirst formal weather bhriefing was held at H-30, on 8 May. A tropical
storm, north of Enewetak Atoll, was of great concern; however, favorable upper
winds from the south were forecast and 12 hours later surface wind direction
was 180° from the normal trade f ow. These favorable winds, however, were
usually accompanied by showers at Enewetak. Because of the deslre to ensure
that the cloud and any radlocactive fallout be carried away from the populated
islands of the atoll, it was decided to forego the usual requlrements for min-
imum cloud cover to take advantage of the faverable upper wind direction for
alrborne detonation debris dispersal.

H-hocur was postponed until 0930, a delay of 3 hours and 11 minutes from
the original schedule to allow more daylight for drone alrcraft operations to
compensate for the probable cloud cover.

The third and fourth formal weather briefings were held at 2230 on 8 May
and at 0145 on 9 May. Previous forecasts were reaffirmed. The greatest fallout
was predicted for the northeast quadrant, clear of populated areas. Fallout
was forecast in a 50-nmi (93-km) area., bearing 015°T to 085°T from surface
zero. Delayed fallout was also predicted between 2 and 4 hours after detona-
tion, which would cover the sector from surface zero between the same bearlngs
at a radial distance up to 120 nmi (222 km).

The device was removed from Curtiss by 0615 eon D-1. At 0800, the Firlng
Party began inspecting the control station on Partry, and after completing the
inspection by 1040, the group departed for Eleleron, the shot 1sland. Later 1in
the afternoon Curtiss. LST-859, and Mower left their berths and anchored off
Parry Island. A personnel muster was coumpleted by 2310, with all personnel
accounted for. Mllitary personnel of TG 3.2 made a filnal sweep of the atoll
and four PZVs patrolled the danger area. Sproston and Walker patrolled the
waters approximateiy 15 nmil (28 km) east of the shot island. On D-day, the
firing party arrived at the control statlon by 0820 (Reference 5, pp. 135
through 142). Locations of the ships an1 radex area are shown in Figure 36,

Experimental Activities

The test program for GEORGE 1ncluded 47 experiments or projects by TU
3.1.1, TU 3.1.2, and TU 3.1.3. The experimencs were many of tha same that had
been conducted for shot DOG. Chapter 4 contains a detalled description of these
projects, as well as a description of DOD particlipation 1n other poriions of
GREENHOUSE experimental programs,
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Figure 36. Surface radex area and ship positions during GREENHOUSE, GEORGE.

The Test

The expected yleld of shot GEORGE demanded absolutely safe fallout condl-
tions -- southerly winds aloft at all levels, the stronger the better. Typhoon
Joan developed and moved as 1f it were part of the operation. Excellent local
weather conditions prevalled with strong., southerly winds at all levels to
50,000 feet (15.2 km). Weather conditlions from 0400 through 1200 on 9 May were
(Refererice 101, pp. 38 and 46):
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Broken low clouds at 1,800 feet with broken to overcast middle
clouds at 1,400 feet prevailed. After 0700 low and middle
clouds became scattered and a high overcast was clearly visi-
ble. Light rain showers occurred after 0500. Visibility aver-
aged 8 miles except in rain showers and then was reduced to
5 miles and 1 mile depending on the shower. The surface winds
blew between south-southwest and west-southwest at 17 knots.

The detonation occurred on 9 May at 0930 as planned. The top of the mush-
room cloud reached 56,000 feet (l7.1 km), with a bottom of 41,000 feet (12.5
km). Wind conditions were ideal for the shot, eliminating any immediate down-
wind fallout on the atoll. No secondary fallout on the atoll occurred.

A new procedure was used for recovery operaticns. At 1120 a radiological
sucvey helicopter took off to survey the islands in the vicinity of the shot
island. By 1315, recovery operations were authorized and reentry hour was
declared. All possible recovery operations on D-day were completed by 1745
(Reference 5, p. 140).

At H-hour, project aircraft began their missions. Figure 37 shows preshot
and shot-time flight paths. The B-47 mission was cancelled at 0808 because of
steady rain at Kwajalein and extensive shower activity in the local area. One
B-50 (blast acceleration measurement aircraft at 33,000 feet [10.1 km]) navi-
gational radar became inoperative en route to the target area from Kwajalein,
and it flew to the target under guidance from ground-based radars. The aircraft
lost one engine at H-30 minutes and landed at Enewetak. Control of a QT-33
drone was lost at 29,000 feet (8.8 km) and its mission was aborted before

H-hour, although a successful landing was made after the detonation (Reference
102).

Decontamination Activities

Eighteen personnel from the WB-29s were contaminated beyond 0.620 R/hr.
All were decontaminated and their clothing disposed of. Initial readings (R/hr)
taken on these aircraft 12 hours after they landed and final readings after
decontamination were:

gggtial Final
wWB-29 0.200 0.015
WB-29 0.250 0.090
WB-29 0.600 0.040.

Data for decontamination of the B-17 drones at Enewetak are not available. Fig-
ure 38 shows radiological survey results on the shot island and those nearby.

Table 14 gives radiation levels throughout the atoll for nearly 2 weeks follow-
ing the shot.
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s Figure 37. GREENHOUSE, GEORGE flight patterns (source: Reference 5).
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Figure 38. Eleleron, Aomon, and Bij)ire island radiological safety survey
results following GREENHOUSE, GEQORGE (source: Reference 38).




Table 14. Radiation intensities (R/hr) on various islands
following GREENHOUSE, GEORGE.

9 May 10 May 11 May 12 May 15 May 22 May

Anant) 0.00cC2 0.0002 0.0002 0.0002 0.0c02 0.0002
Runit 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Billae 0.00003 0.0003 0.0004
Bokenelab 0.0032 0.006 0.0001
Enjebi 0.0004 0.0004 0.0003 0.0003 0.0004 0.0004
Oridrilbwi} 0.0024 0.010 0.001

Bokoluo 0.030 0.030 0.029 0.028 0.026 0.014

Kidrinen 0.001 0.0017 0.0008
Ikuren 0.0004 0.0002 0.0003

Source: Reference 38, p. 9.

SHOT ITEM

Preparations

As soon as the radsafe monitors cleared Enjebl after shot EASY on 23 April,
Mower moved into the anchorage to provide living quarters for H&N construction
crews to erect the shot tower for ITEM. This arrangement lasted about 2 days
since the radloactivity levels were low enough to set up a new construction
camp within 1,100 yards (1 km) of the EASY surface zero (Reference 103). This
job began before shot ITEM was actually approved for inclusion in the schedule
by CJTF 3 on 28 April. The tower foundations and a run of coaxlal cable that
were expected to, and did, survive the EASY test were completed in March In
anticipation of ITEM. The tower was completed on 16 May, 9 days before the
scheduled detonation (Reference 3, p. 174).

Following recelpt of readiness reports from the four task group commanders
and conferences with his staff weather officer. CTG 3.1. for technical reasons,
selected 0930 on 25 May 1951 as H-hour. A modifled rehearsal was conducted on
20 May by the Weapon Assembly Team and Firing Party. TG 3.3 participation was
reduced to intensified aerial searches (Reference 5, pp. 143 ff).

The first formal weather briefing was at 2330 on 2% May 1951. and normal
trade winds were forecast. During the second formal weather briefing at 1205
on 24 May, it was decided that the upper winds were not as favorable for avoid-
ing fallout as forecast. Due to the rapid deterioration of the weather, the
weather officer sugqggested that H-hour be moved up to 0617, which was approved
by CT¢ 3.1 and CJTF 3. The final weather brlefing was 0002 on 25 May. Although
the upper winds were changing, H-hour would not be affected (Reference 5, pp.
143 f£f).
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Meanwhlle, the usual security precautions were continued on the atoll. TG
3.2 conducted land sweeps. TG 3.3 performed alr and security searches, and TG
3.4 carrlied out air and radar searches. Negative reports were submitted on all
searches.

Tne MP strength at the shot tower was doubled by 0600 on 23 May., and 30
minutes later the device was removed from Curtiss. The Arming Team command
post was opened bty 1125,

Curtlss and Mower were underway by 1400 on D-1 day to thelr stations off
Parry Island. Enewetak ailr facilitles were closed to translient aircraft at
1630, and at 1900 control of all intra-atoll movement of boats and alrcraft
was shifted to CJTF 3. By 1600 all TG 3.1 personnel from all islands north of
Japtan, except Enljebi. were evacuated.

At 0315 on D-day the MPs, the Arming Team, and four H&N utility personnel
were cvacuated from the shot 1sland by two AVRs. At 0445, the Flring Team took
posltlion and personnel began to gather along the beaches of the lagoon at 0605
to watch the detconation.

Fallout was forecast downwind 1n a sector 220°T to 280°T to a radial
distance of 40 nmmi (74 km), with the heavlest concentration from the upper
level. southwest from surface zero. The surface radex area and locations of
fleec units at burst time are shown in Flgure 39.

Experima2ntal Activities

The test program for ITEM included 19 experiments and projects by TU 3.1.1,
TU 3.1.2. .nd TU 3.1.3. Most of the experimental projects were concerned with
weapon development, although a few biomedical, cloud physics, and test detec-
tlon erperiments were 1ncluded. Chapter 4 contains a detalled description of
these experiments and a descriptior of DOD participation in other portions of
the GREENHOUSE experimgntal programs.

Because the drones In the blast effects program were not flown, the total
number of aircraft was only 26. fewer than for the earlier shots. Flight pat-
terns of the altcraft involved are shown In Flgure 10. Control was lost on one
PB-17 drone and it crashed at sea.

The Test

Speclial requlirements for ITEM did not approach the stringent demands for
the previous two shots. Very light fallout on inhabited islands was predicted
(Reference 101, p. 38). However, as discussed below, slignificant fallout was
recelved on all the inhabited islands.

weather conditions from 0000 through 1000 on 25 May were as follows (Ref
erence p. 12):

Prevalling cloud cover was scattered low clouds at 1,800 feet
with a few scattered middle clouds at 16,000 feet and scat -
tered to broken high clouds about 30.000 feet. One l1ght
shower occurred at the start of the period, giving only a
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